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PART I. 


CHAPTER Xv. 


PHOSPHORUS, PHOSPHORIC ActD,—PHOSPHOROUS. 
ACID,—PHOSPHATES. | 


SECTION T. 


| Phosphorus. | 

1. PHOSPHORUS is an inflammable substance, and fs 
known by the following external characters. 

(a) It has generally a flesh-red colour, but, when care- 
fully purified, may be obtained free from colour, and per- 
fectly transparent. Its specific gravity is 1.77. 

(d) It is so soft that it readily yields to the knife. | 

(c) It melts at about 90° Fahrenheit, and boils at 550°. 
When melted, it must be covered with water, in order to 
prevent it from inflaming. 

(d) In the atmosphere it emits a white smoke, and pe- 
culiar smell; and a faint and beautiful light arises from its 
‘but these iat do not take Bhacs in air page ep 
dried. 

"If. Phosphorus is inflamed by the application of a very 
gentle heat. According to Dr. Higgins, a uct of 
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60° is sufficient to set. it on fire, when perfectly dry, It 
burns when heated to. about 148°, with a very brilliant 
light, a white smoke, and a suffocating smell. 

1. It may be set on fire by friction. Rub a very small 
ry between two pieces of brown paper ; the phosphorus 
will inflame, and will set the paper on fire also. ! 

2. In oxygen gas it burns with a very beautiful light ; and 
also i in nitrous oxide, and chlorine ‘gases. . 

II. Phosphorus is volatile at 550°. Hence it may a 
raised by distillation ; but, to prevent its taking fire on the 
application ‘of heat, the retort should previously be filled 
with azotic or hydrogen | gas, and the mouth of the retort 
be immersed in water. 

To accomplish this, the quantity of phosphorus, which 
it is intended to rectify, should first be put into the retort, 
with a sufficient portion of water to cover it. The water 
rhust then be made hot enough to melt the: phosphorus, 
which, on cooling, forms a compact mass, of the shape of 
the bottom of the retort. When cold, fill the retort, and 
its neck. also, with water, and invert it in water. Displac 
the water by hydrogen gas, forced from a bladder through 
a bent pipe; keep the finger on the open end of the retort: 
neck; place it ma sand hathy ; and.immerse the mouth of it 
in water. Then apply heat very cautiously. A bladder 
should also be provided, furnished with a stop-cock and 
brass pipe, and filled with hydr ogen gas. During the dis- 
tillation, the gas, in the retort, is absorbed, and it is ne- 
cessary to add more from the bladder, otherwise the water 
will. rush into the retort, and occasion an explosion. By 
distillation, in this mode, phosphorus is rendered much 
purer. In the neck of the retort a substance is condensed 
of a beautiful red or carmine colour, which is a combination 
of carbon and phosphorus, or a phosphuret of carbon. 


- Thenard, however, observes that phosphorus, however fren, 


quently distilled, cannot be freed entirely from charcoal, a _ 
minute quantity of which does not pal, its whiteness or 
transparency. 
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The only information, which we possess, sient the 
nature of phosphorus, is derived from the electro-chemical 
researches of Sir H. Davy.. When acted upon by a battery 
of 500 pairs of plates in the same manner as sulphur, gas 
was produced in considerable quantities, and the phos- 
phorus became of a deep red-brown colour. ‘The gas proved 
to be phosphuretted hydrogen, and was equal in bulk to 
about four times the phosphorus employed. Hence hydro- 
gen is probably one of its components. 

IV. Phosphorus may be. oxygenized i in various eld tne * 

(a) By exposure toatmospheric air. Let a stick of phos- 
phorus be placed in a funnel, the pipe of which terminates 
in an empty bottle. The phosphorus will be slowly oxygen- 
ized, and, after some time, will be changed into an acid, 
which will fall into the bottle in a liquid state. 

A large quantity of acid may be obtained, if a number 
of sticks be thus exposed: and as they would be in danger 
of taking fire, if heaped together, each stick should be 
enelosdd 3 in a glass tube, of rather larger diameter than 
itself. These tubes must be disposed aiid a funnel, the 
pipe of which terminates in a bottle. The whole should 
be covered by a bell-shaped ‘receiver, the air of which is 
to be frequently changed. The acid thus obtained is a 
mixture of Phosphorous and Phosphoric acids. : 

When phosphorus is burnt in highly rarefied air, three 
products are formed, a red solid comparatively fixed, and 
requiring a heat above 212° for its fusion—a white: and 
easily volatile substance, which is combustible, soluble in 
water, and has acid properties—and a substance, which is 
strongly acid and not volatile, even at a white heat. The 
first. appears to be an oxide of phosphorus; the second 
phosphorous acid; and the third phosphoric acid. 

‘(by Phosphorus inflames vividly in oxygen gas. When 
burnt in this manner, every hundred parts of phosphorus, 
according to Lavoisier, gain an addition of 15. 

“This result scarcely differs from Sir H. Davy’s, who — 


% On the oxides of phosphorus, see Nicholson’s Journal, vi. 132: 
B2 


4 : PHOSPHORIC ACID. CHAP. K¥: 


states that 100 grains of ‘phosphorus coidense 450 cubic 
inches or 153 grains of oxygen gas. » The product, when 
the eas is More than ‘sufficient for the: combustion of a 
se ne ig entitély phosphoric acid. © 

(¢)' By the nitiie acid. If phosphoriis be cautiously 
added, by a little ‘at once, to nitric acid, heated in a Ye- 
- féré, the hitric atidis decomposed, ‘and its oxygen, uniting 
with the phosphorus, constitutes phosphoric acid. » A tabu- 
lated retort must be used’for this purpose; and its neck 
may terminate in ‘the apparatus already described for pro- 
curing nitric acid. By this contrivance a considerable 
sare sae of nitric acid will be saved. 


SECTION I. 


Phosphoric Acid. gt 


I. To prepare this acid, the process U orc, sect. 1.. may 
be employed; but the following is the most economical 
method. 

On 20 pounds of bone, ddlcined to esbitedtvend en finely 
powdered, pour 20 quarts of boiling water, and add eight 
pounds of sulphuric acid, diluted with an equal weight of 
water. Let these materials be well ‘stirred dopetliedy: and 
be kept in mixture about 24 hours. Let the whole mass 
be next put into a conical bag of sufficiently porous and 
strong linen, in order to separate thé clear liquor, and let 
it be washed with avater, till the watér ¢éases to have much 
acidity to the taste. Evaporate’ thé ‘strained liguor in 
earthen vessels, placed in a sand-heat, ‘and, whén reduced 
to about half its bulk, let it cool. -A white sediment will 
_ form in considerable quantity, which must be allowed to 
subside; the clear solution must be décanted, and boiled 
to dryness in a glass vessel. -A white mass will remain, 
which is the dry phosphorie acid. This may be fused ina 
crucible, and poured out in a clean copper dish, A traris- 

2 " 
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parent glass is obtained, whch is the, phosphoric acid ina 
glacial state; not, however, perfectly. pure, but containing 
sulphate and phosphate of lime.—.According to Fourcroy 
and, Vauquelin, it is, in fact, a super-phosphate.of lime, 
containing, in 100 parts, only 30 of uncombined: phos- 
phorie acid, and 70 of neutral phosphate of lime. The 
glacial acid, however, may be prepared from perfectly pure 
phosphoric acid. It is singular that, according to the ex- 
periments of Berthier, it contains at least one fourth its 
weight of water, a. proportion, which. could ahgroaly: have 
ees expected in so hard a substance. 

To procure the phosphoric acid in. quantity, Ria at 
the. same time perfectly pure, the oxygenation of phos- 
phorus by nitric acid, is the most eligible process (c, of the 
preceding article). ‘The ee ee A nitric acid must be 
separated by distillation in a glass retort, and: the. dry mass, 
when fused, affords. glacial phorbtberic acid. 

IJ. ‘The phosphoric acid has the following properties: 

(a) When pure it dissolves readily in water. That ob- 
tained immediately from. bones. is rendered: insoluble. by the 
admixture of ear thy salts. But the glacial acid: pecans 
with nitric acid, is readily soluble. 

_(b) It is not volatile, nor capable of being dicated 
by; heat. only, nor does it emit any smell when. heated. 

(c) It. is composed, according to the experiments. of 
ey the correctness of which is: admitted: by. Dr, Mifblh 
laston, of, . | 


Phosphorus EP 1 PANS | 3s ER 
Oxygen ..7......3 »» 53.28 ......0. M46 
100; 


But: if 254 parts, as: appears from. the experiments: of 
Lavoisier and of Davy, consist’ of 100: phosphorus,. and 
154 oxygen, 100 grains must: contain 39.5. phosphorus:and 
60.5. oxygen. This. would. very. nearly. agree. with the 
notion, that phosphoric. acid,is.constituted:of one atom of 
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phosphorus, weighing 10, and two atoms of oxygen = 15, 
and the weight of its atom must, therefore, be 25. 

(2) When distilled in an earthen retort with powdered’ 
charcoal, phosphoric acid is decomposed; its oxygen, 
uniting with the carbon, forms carbonic acid, and the phos- 
phorus rises in a separate state. This is the usual and 
best mode of obtaining phosphorus. 

The phosphoric acid may either be employed for this 
purpose in the state of glass, finely powdered, and mixed 
with its weight of pulverized charcoal; or to the evaporated 
acid of bones, when acquiring a thick consistence, powdered 
charcoal may be added, in sufficient quantity, to give it so- 
lidity. . In the latter mode, however, the materials are apt 
to swell, and to boil over. The mixture of acid and char-' 
coal is then to be put into a stoneware retort, coated with 
Willis’s lute, and the neck of which is lengthened out by a 
tinpipe. The open end of the\pipe is to be immersed in 
avessel of water. The heat is to be slowly raised, and at 
length made very intense. An enormous quantity of gas 
escapes, which takes fire on coming into contact with the 
atmosphere; and the phosphorus distils over in drops, 
which congeal in the water. As it is apt also to condense 
in, and to stop up, the neck of the retort: and tin-pipe, it 
must be occasionally melted out of these, by a shovel full 
of hot cinders, held under them. The proeess is rather a: 
difficult one; and though it is proper that the student 
should repeat it once, in order to complete a course of 
experiments, it will be found more economical to pur- 
chase the phosphorus which may be required for experi- 
ments. 

Phosphorus may also be procured, by adding to urine 
a solution. of lead in nitric acid, which precipitates a phos- 
phate of lead. This, when well washed. dried, and dis- 
tilled in a stoneware retort, yields phosphorus *: or a so- 
agian of phosphate of soda (which mi be Wesabe at ite 


* See Crell’s Journal, Translation, iii. 36. 
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druge cists), mixed with one of acetite of lead, in the pro-: 
portion of one part of the former salt to 11 of the latter, 
yields a precipitate of phosphate of lead, from which phos- 
phorus may be procured by distillation. 


SECTION IIL 


Phosphates. . 


wrk alkaline and earthy bases, the phosphoric acid com- 
poses a class of salts called Phosphates, which sieht the fol- 
lowing generic characters. | 

K Wher heated with charcoal, they are not decomposed, 
nor is phosphorus obtained. 

2. They melt, before the blow-pipe, into a hard globule, 
sometimes transparent, at others opake. 

§. They are soluble in nitric and muriatic acids, without 
effervescence, and are precipitated from those acids by lime- 
water and pure ammonia. ! 

_ 4, They are decomposed, in part, by sulphuric acid, and 
yield a liquor which, on evaporation and distillation with 
charcoal, affords phosphorus. ; 

The phosphate of soda is the only one of these salts 
which has any important use. It has been introduced into 
medicine, by Dr. Pearson, as a purgative, the purposes of 
which ‘it answers, unaccompanied by any nauscous taste. 
‘The phosphate of lime, besides being found in the earth in 
a mineral form, constitutes a large part of the solid matter 
of animal bones. 

As an enumeration of these salts can scarcely be inte- 
resting to the general student, and as the properties of the 
various salts, already described, furnish abundant discrimi- 
nating characters of the different alkalis and earths, I deem 
it” sufficient to refer, for a detailed account of them, to Dr. 

‘Thomson’s Elements, or La Grange’s Manual, 
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_ SECTION IV. 
Phosphorous Acid—P hosphites, 


PHosPHOROUS acid cannot, according to Sir H. Davy, be 
obtained pure by exposing cylinders Bf phosphorus to at- 
mospheric air; for, when thus prepared, it always contains 
phosphoric acid. It can only be procured in a state of 
purity, first, by subliming phosphorus through corrosive 
sublimate; then mixing the product with water bane heating 
it, till it becomes of the consistence of syrup. The liquid 
obtained is a compound of pure phosphorous acid and wa- 
ter, which becomes solid and-crystalline on cooling. It. is 
acid to the taste, reddens vegetable blues, and unites with 
alkalis. 

When the compound of phosphorus al shbast ine, 
formed. in the first stage of the foregoing process, is brought 
into contact with water, the water is decomposed; its hy- 
drogen uniting with chlorine composes muriatic acid; and 
its oxygen. sombininig with phosphorus forms phesphovous 
acid. 

The phosphorous acid exhales a iahacoanlilit feetid 
odour ; and yields, when heated, penetrating white vapours. 
When heated in a glass ball, blown at the end of a small 
tube, a gas issues from the orifice of the tube, which in- 
flames on coming into contact with the atmosphere, Hence 
it appears to contain an excess.of phosphorus, The re- 
siduum in the ball is phosphoric acid. From the experi- 
ments of Rose on the phosphoric. acid, Gay Lussac infers 
that, conformably to his own hypothetical views, Rhone 
rous acid must consist of ; 

Phosphorus..... 56.81. 0) 1100 
j Day geen 65. s ABI S Uh esi t6 


oe ees 


100. 


These proportions do not differ materially from. those. 
stated by Sir H, Davy. From a comparison of the com- 
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position of. the, phosphorous and phosphoric acids, it will 
appear, that the oxygen of the latter is not a multiple of 
that of the former, by any entire number ; but bears to it 
the proportion of 3,t02. Hence it is probable, that there 
is an oxide of phosphorus, not yet demonstrated by. experi- 
ment, consisting of 100 parts of phosphorus, and 38 oxygen. 
This proportion of oxygen, multiplied. by 2, would give the 
phosphorows, and by 3 the phesphoric acid.. And 'the atom 
of phosphorus, agreeably to this view, would be represented 
by, 20, for 38: 100.:: 7.5: 20 very nearly. The atom of 
the oxide would then be denoted. by 27.5; that of phos- 
phorous acid by 35; and that of phosphoric acid by 42.5, 
_. The combinations of phosphorous acid with alkaline and 
earthy bases are called phosphites. | | 
The phosphites differ considerably in their characters 
from phosphates. 
_ 1, They exhale a smell of phosphorus. 
2, When heated, they emit a phosphorescent flame. 

3. Distilled. in a strong heat, they yield: a little phospho- 
rus, and, are converted into phosphates. 
4, They detonate, when heated with oxy-muriate. of 
yy: 

5. They are changed into phosphates by nitric, and: ” 

cogicinisbiatid acid. 


SECTION V. — 
Binary Compounds of Phosphorus. 


I. Puospnorus, is susceptible of combination with sul- 
phur, and affords a compound, the properties of which vary, 
according to the proportion of its ingredients. It may, be 
obtained. by melting these psa together in a. tube, 
the mouth of which is loosely stopped by Paper; or by: 
fusing these two bodies, very cautiously, and in small quan- 
tities, at. the bottom of a Florence oil flask, nearly filled 
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with water. The process is attended with some danger 5 
and requires several precautions, which will be suggested. 
by the essays of Messrs. Accum and Briggs, published in 
the 6th and 7th volumes of Nicholson’s Journal. The 
compound is much more fusible and combustible, than the 
separate components. _ 

II. Phosphorus. combines wid the pure fered alkalis, 
and with earths, and composes the class of phosphurets. 
That of lime is the most readily formed, and exhibits, ex- 
tremely well, the properties of these compounds. © It is a“ . 
pared as follows: 

Take a glass tube, about 12 inches long, and one third 
of an inch cdiirptee , sealed hermetically at one end. Let 
this tube be coated with clay, except within about half an 
inch of the sealed end. Put first into it adrachm or two of 
phosphorus, cut into small pieces, and then fill the tube 
with small bits of fresh burnt lime, of the size of split peas. 
Stop the mouth of the tube loosely with a little paper, in 
order to prevent the free access of air.—Next, heat to red- 
ness that part of the tube which is coated with clay, by. 
means of a chafing-dish of red-hot charcoal; and, when 
the lime may be supposed to be ignited, apply heat to the 
part containing the phosphorus, so as to sublime it, and to 
bring the vapour of it into contact with the heated lime. 
The lime and phosphorus will unite, and will afford a com 
pound of a reddish-brown colour. 

If the carbonate of lime be substituted for pure lime, the 
carbonic acid is decomposed. Its carbon is set at liberty, 
and appears in the state-of charcoal; .while its oxygen 
unites with the phosphorus; and the phosphoric acid, thus 
produced, forms phosphate of lime. In this experiment, 
carbonic acid is decomposed. by the. conspiring. affinities of 
phosphorus for oxygen, and of lime for phosphoric ‘acid, 
though the former affinity only would be sete ist to algae O- 
duce “the effect. 

The phosphuret of lime has the remarkable property of 
decomposing water at the common temperature of the ~ 
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atmosphere; and the water afterwards contains phosphite, 
not phosphate, of lime *.. Drop a small piece of it into a 
wine-glass of water, and in a short time bubbles of phos- 
phuretted hydrogen gas will be produced; which, rising te 
the surface, will take fire, and explode. If the phosphuret 
of lime be not perfectly fresh, it may be proper to warm the 
water to which it is added. 

Into an ale-glass put one part of phosphor us af lime, in 
pieces about the size of a pea (not in powder), and add to 
it half a part of hyper-oxy-muriate of potash. Fill the 
glass with water, and put into it a funnel, with a long pipe, 
or narrow glass tube, reaching to the bottom. Through 
this pour three or four parts of strong sulphuric acid, 
which will decompose the haley ete salt; and the 
phosphuret also decomposing the water at the same time, | 
flashes of fire dart from the surface of the fluid, and the 
bottom of the vessel is illuminated by a beautiful loa 
light. (Davy.) . 

Another combination of phosphorus, the properties of 
which render it a fit subject of amusing RapaTiRir ain is the 


phosphuretted hydrogen gas. 
ART. 3,— Phosphuretted Hydrogen Gas. 


I. This gas may be procured, by boiling, in a retort, a 
little ahiwphisiié with a solution of pure iarela ‘The -wa- 
ter is decomposed; its oxygen, uniting with the phospho- 
rus, forms phosphoric acid, which balinies with the alkali, 
while the hydrogen dissolves another portion of phospho- 
rus, constituting phosphuretted hydrogen gas.—This gas 
may also be obtained, by putting into five parts of water 
half a part of phosphorus, cut into very small pieces, with 
one of finely granulated zinc, and adding three parts of 
strong sulphuric acid. ‘This affords an amusing experi- 
ment. The gas is disengaged in small bubbles, which cover 
the whole surface of the fluid, and take fire on reaching 


* Gay Lussac, 85 Ann. de Ch. 206. 


19 | : PHOSPHURETTED HYDROGEN. CHAP. Xv. | 


the air; these are succeeded by others, and a well of fire is 
produced. (Davy. ) 

In preparing this gas, the body of thin retort ahdald én 
filled, as nearly as. possible, with the alkaline solution * ; 
otherwise the gas, when produced, will inflame and diminish 
the air within. the retort, and: the water. will ascend from the 
trough. This accident may be effectually prevented, by 
previously filling the retort with hydrogen gas. 

II. The properties of this gas are the following: 

(a) It takes fire immediately on coming into contact with — 
the air. This may be shown by hectinnape it escape into the 
air, as it issues from the retort, when a very beautiful’ ap- 
pearance will ensue. A circular dense white smoke rises in 
the form of a horizontal ring, which enlarges its diameter 
as it ascends, and forms a kind of corona. , 

(4) When mixed suddenly with oxygen gas it inoodeil 
One measure requires 11 of oxygen for-saturation. 

This experiment ints be made cautiously, and in siriall 
quantity. But in a tube only three tenths of an inch in 
diameter, the mixture does not detonate. vi 

(c) The same phenomenon ensues on. mixing it with 
oxy-muriatic acid gas, or with nitrous oxide. 

When mingled with any of these gases, it ‘should be 
passed up by not more than a bubble or two at once. 

(d) Sulphurous acid and phosphuretted hydrogen gases, 
when mingled together, mutually decompose each other. _ 

(e) It deposits phosphorus, by standing, on the inner. 
surface of the receiver, and: loses its property of spontane- 
ous accension. It is, also, pattie by coil with- 
out any change of volume. 

(f) Its specific gravity is very variable. Sir H. Davy 


* The phosphorus should first be melted, under water, in the retort; 
which is to be emptied when the phosphorus has congealed, and then 
entirely filled by the alkaline solution. Of this, a sufficient portion is 
to be displaced- by sa i gas, forced cain a bent pipe from a 
bladder. . él 
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has obtained it, from phosphorus and alkaline lixivia, of 
all specific gravities from 400: to 700, and Mr. Dalton 
states it at 850, air being 1000. The quantity absorbed by 
water is met 9 by the fornier at its bulk, ‘and by the 
latter at +3. 

(g) T wo measures of the gas heated wei phate be- 
come three, and phosphuret of potassium is formed. 

* Phosphorus is also soluble in oils; and, when thus dis- 
solved, forms what has been called liquid phosphorus, which 
may be rubbed on the face and hands without injury. It 
dissolves too in ether, and a very beautiful experiment con- 
sists in pouring this phosphoric ether in small portions, 
and in a dark place, on the surface of hot water. 

The phosphoric matches consist of phosphorus extremely 
dry, minutely divided, and perhaps a little oxygenized.— 
The simplest mode of making them is to put 4 little phos- 
phorus, dried by blotting-paper, into a small phial; heat. 
the ‘phial, and when the phosphorus is melted, turn it 
round, so that the phosphorus may adhere to the sides. 
Cork the phial closely; and it is prepared. On putting a 
common sulphur match into the bottle, and stirring it 
about, the phosphorus will adhere to the match, and will 
take fire when brought out into the air. | 


ArT. 4. Star nafs ic Gas, ‘ 


By heating solid phosphorous acid out of the contact of 
air, a large quantity of elastic fluid is gener ated, which 
may be collected by a aa Sp si poe and has singular 
propertiés. — 

It has a disegrashble» ariel “but is not so offensive as 
phosphuretted hydrogen. It does not explode sponta- 
néously, but detonates violently when heated with oxygen 
to about 300° Fahrenheit. It et in chlorine with a | 
white flame. Water absorbs about 4. its volume. Its 
specific gravity was found by Sir H. Duty to be to that of 
hydrogen as 12 to 1. 

Potassium doubles its volume, and the residue is pure . 
hydrogen. Sulphur occasions the formation of sulphuretted 
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hydrogen, equal in volume to twice the original gas. ‘Three 
parts of it in volume condense more than five of oxygen; 
and one in volume absorbs four of chlorine. 

For this gas, its discoverer, Sir H. Davy, has pr oposed 
the name of hydro-phosphoric gas. It appears to be eon- 
stituted of two atoms of livdebails and one of phosphorus; 
and the hydrogen in it is condensed into half its bulk. 

Its formation appears to be owing to the decomposition of 
water, the oxygen of which, with part of the phosphorous 
acid, forms phosphoric acid, while the hydrogen dissolving 
the excess of phosphorus in another portion. of phosphorous 
acid, composes the peculiar gas. | 


Art. 5.—Combinations of Phosphorus with Chlorine. 


When phosphorus is introduced into chlorine gas, it 
takes fire and burns with a pale flame, and a white. solid 
substance condenses on the sides of the vessel. Each grain 
of phosphorus absorbs about nine cubical inches of gas. 
The solid produced is volatile at a temperature below 212°. 
It acts violently on water, and decomposes it, the hydro-~ 
gen of the water producing muriatic acid with the chlo- 
rine, and the phosphorus forming phosphoric acid with 
the oxygen. This substance, in its dry state, contains no 
oxygen, and is constituted of phosphorus and chlorine, in. 
the proportion of 20 of the former to 67 of the latter. 

_Another compound of phosphorus, with a less. proportion 
of chlorine, may be formed, by passing the vapour of phos- 
phorus through heated -corrosive sublimate. It is a liquid 
of the aneeieh gravity 1.45. It does not redden dry litmus 
paper; but its fumes become acid by decomposing. the 
aqueous vapour in the air. It consists of chlorine and 
phosphorus in the proportion of 20 to 33.5. Both these 
compounds were discovered by Sir H. Davy, who. has 
termed the latter phosphorane and the former phosphorana. - 


CHAPTER XVI. 


L.'THISs acid is very rarely found native; and, for pur- 


poses of experiment, is obtained from the purified iia of 
commerce, by one of the following processes : 

+1. To a solution of borax, in Hbilisre water, add half its 
sevight of sulphuric acid, previously diluted with an equal 
quantity of water. Evaporate. the solution a ‘little; and, 
on cooling, shining scaly crystals will appear, which consist 
of boracic acid. Let them be well washed with distilled 
water, and dried on filtering paper. 

2. Let any quantity of borax be put into a retort, with 
half its weight of sulphuric acid, and half its weight of 
water. Boracic acid may be obtained by distillation, and 
may be purified, by washing in water, &c., as before. By 
neither of these processes, however, is it obtained. perfectly 
pure; for electrical analysis discovers in it a minute portion 
both of alkali and of sulphuric acid. (Davy.) 

JI. Boracic acid has the following qualities : 

1. It has the form of thin white scales, is destitute of smell; 
and nearly so of taste. Its specific gravity is 1.479. 

2. It fuses, when heated, and loses its water of crystalliza- 
tion. If the heat be increased suddenly, before it has lost 
its water of crystallization, it sublimes; but, otherwise, it 
melts into a glass, which is permanent in the strongest fire, 
+> has the specific gravity 1.803. 

NGse Itois generally ideseuibiéd as soluble in twelve ele of 
Teald water, and in three or four of boiling water; but, ac- 
cording to Sir H. Davy; even boiling water dns not take 
up ne? sig of its weight. 

4.,'T ses ea eRe ence vegetable blue colours, and 
effervesces with alkaline carbonates. | 3 

5. It is soluble in alcohol, and the solution burns with 3 


beautiful green flame. 
+ 
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The boracic acid, which had resisted all other means of 
analysis, has at length yielded to the attempts of Sir H. Davy 
to decompose it by the action of Voltaic electricity. When 
slightly moistened with water, and exposed, between two 
surfaces of platina, to.a battery of 500 pairs of plates, an 
olive-brown matter immediately began to form on the nega~ 
tive surface, which gradually increased in thickness, and at 
length became almost black. It was not changed by water, 
but dissolved with effervescence in warm nitrous acid. When 
heated to redness on platina, it burned slowly, and gave off 
white fumes, which had acid properties. “A black mass re- 
mained which, when examined by the magnifier, appeared 
vitreous at the surface, and evidently contained a fixed acid. 


Boron. 


As this peculiar combustible substance was a non-con- 
ductor of electricity, it was found-impossible to obtain it in 
this way, except in very thin films. By the action of potas~. 
sium, however; it was procured in larger quantities. Twelve 
or fourteen grains of boracic acid were heated, ina green 
glass tube, with the same quantity of potassium. A most 
intense ignition ensued; and the potassium, where it was 
in contact with the boracic acid, entered into vivid inflam- 
mation. ‘A quantity of hydrogen gas appeared, equal to 
about twice the bulk of the acid. To collect the results, 
_ tubes of metal were eniployed; for the most part of brass, 
which appears to answer best. The residue in the tube 
was dissolved in water, and the insoluble part collected on 
a filter. Its properties are described as follows: ’ 

_ 4. It isin the form of a powder, i in colour of the darkest 
shade of olive. It is very friable, and not sufficiently hard 
to scratch glass. It isa non-conductor of electricity. | 

2. When it has been dried at only 100° or 120°, it gives 
off moisture by increase of temperature. In the atmo- 
sphere it takes fire, at a heat below that of boiling olive oils. 
and burns with a red light, and scintilations like charcoal. 

3. It is not decomposed by heat in a platina tube, thongh 
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raised to whiteness. The only change in it appears to be 
an increase of specific gravity. 

4. In oxygen gas it burns with a most brilliant light, and. 
is partly converted into boracic acid, and partly- into a 
black substance, which requires a higher temperature for 
its inflammation, and produces a frida quantity of boracic 
acid. 1 ' 

5. In oxymuriatic acid gas, it takes fire at common tem- 
peratures, and boracic acid is regenerated with a portion of 
the black matter already decesibad: 

6. It was not soluble either in nitrogen or hydrogen 
gases. | 

7. It decomposed the nitric and culphupie acids, and bo- 
racic acid was produced. 

8. It combined with alkalis, and gave pale olive eda ed 
compounds, from which dark precipitates were separated by 
muriatic acid. 

9. It slowly combined with witlied sulphur, which ac- 
quired an olive tint; but with phosphorus scarcely any 
union seemed to take place. eines did it combine with 
mercury. 

These qualities are sufficient to show that the combusti- 
ble substance, obtained from boracic acid, and constituting 
its base, is different from every other known species of matter. 
‘Sir H. Davy has, therefore, proposed for it the term BoRON. 
As to its nature, he is of opinion that it is probably a com- 
pound, and that one of its ingredients, which enters into 
alloy with potassium and with iron, is the true basis of the 
‘boracie acid. The olive coloured substance, whose proper-— 
ties have been already described, he believes to consist of 
this basis, united with a little oxygen; that when farther 
oxydized it forms the black matter; and that, ‘in its full 
state of oxygenation, it constitutes boracic acid. 

The proportion of ingredients in the boracic acid hag 
not been accurately determined. It is stated, merely as an 
approximation, that it consists of one part by weight of in- 
flammable base united with two parts of oxygen. In the 
black substance, Sir H. Davy supposes that about three 
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parts of the inflammable base are combined with only one 
of ony ee: 


Babaele acid combines with alkalis and earths; but the 
only important combination, which it forms, is with soda. 
This compound is found native in India, and is brought to 
this country, under the name of tincal, or brute borax, which 
when purified, affords the borax of the shops. In the borate 
of soda, the alkaline ingredient is in excess, and hence the 
salt converts vegetable blue colours to ete It is therefore, 
in strictness, a suber : 

Sub-borate of soda erystallizes i in prisms with six irr vate 
sides. It effloresces in-the air. It fuses when ignited; 
loses its water of crystallization; and leaves a glass, which 
is transparent when cold, and which is of great use in expe- 
riments with the blow-pipe. The salt dissolves in twelve 
parts of cold water, or in six of boiling water. It is sus- 
ceptible of combination, by fusion, with silex and with alu- 
“mine; and hence is employed in making artificial gems. 

For a description of the remaining borates, I refer to the 
2d volume of Thomson’s System of Chemistry, or the Ist 
volume of La Grange’s Manual. 


ig 


CHAPTER XVII. 
FLUORIC ACID. 


I. "THE ftuoric acid may be obtained from a substance 
found abundantly in Derbyshire, under the name of fluor 
spar. In converting this spar to ornamental purposes, 
small pieces are broken off, which may be had at a re 
rate. 

Pure fluoric acid has never sal been obtained in a gaseous 
state; for we are acquainted with it, as a gas, in ie two 
forms, viz. of combination with silex, and with boracic acid. 

Silicated fluoric gas may be prepared by pouring on fluor 
spar, finely powdered, and mixed with half its weight of 
powdered glass, an equal weight of strong sulphuric acid. 
It may be received oyer mercury in glass vessels, the trans- 
parency of which it does not impair. Its, specific gravity is 
very great, 100 cubic inches weighing 110.78 grains. 

By causing a known volume of it to be absorbed by liquid 
ammonia, Dr. John Davy separated the silex, which formed 
61.4 per cent of the weight of the gas. When the gas is 
absorbed by water, much of the silex is deposited, and it re- 
tains only 54.5 per cent of that earth in combination. To 
this liquid, Dr. Davy oie the name of subsilicated Sluoric 
acid, tell 
Water absorbs about 263 times its bulk of the gas, cand 
the solution may be kept in glass vessels without corroding 
them. . . | 

It condenses twice its volume, and no other proportion, 
.of ammoniacal gas, forming a dry white salt, which is slightly 
acid, deposits some silex when dissolved in water, and when 
its concentrated solution is boiled in glass vessels, power- 
fully corrodes them. When an excess of liquid ammonia 
is added, the whole of the silex is precipitated, and a pure 
fluate of ammonia is obtained. 

c 2 
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Potassium, heated in silicated fluoric gas, takes fire, and 
burns with a deep red light. In an experiment of Sir H. 
Davy, after the combustion, the whole of the fluoric acid 
was found to be destroyed, and no gas left but a residuum 
of hydrogen. But from fluoric acid, long exposed to cal- 
cined sulphate of soda, hardly one tenth its bulk of hydrogen 
could be thus developed. ) | 

The bottom of the retort, in these cases, was covered’ 
with a substance of various colours, in some parts chocolate, 
in others yellow, which, being heated in contact with air, 
burned slowly, lost its colour, and became a white saline 
mass. In oxygen gas, it burned with an absorption of oxy- 
gen, but not with any great intensity, reproducing silicated 
fluoric acid gas. ! 

By the action of this substance on water, fluoric acid and 
potash were generated; and some chocolate coloured par- 
ticles were separated by the filter, which, when dried, and 
heated in oxygen gas, burned and absorbed oxygen. By 
this combustion, fluoric acid was also generated. . 


Hydro-fluorie Acid. 


The fluoric acid may be obtained im a liquid state, from 
fluor spar and twice its weight of strong sulphuric acid, by 
‘using a leaden retort and leaden receiver. An ingenious. 
apparatus, invented for this purpose by Mr. Knight, is de- 
scribed and figured in the 17th volume of the Philosophical 
“Magazine. The receiver. should be surrounded with snow 
"or pounded i ice. | 
The liquid. acid must be preserved in leaden or silver 
‘bottles, as it soon corrodes and penetrates glass ones. Its 
volatility, however, is such that it is extremely difficult to 
confine it. In this state of watery solution, it readily com- 
bines with alkalis, and forms soluble compounds. Its com- 
binations with the earths are for the most part highly inso- 
luble. The fluates have no properties that can render them 
“interesting to the student, except the use of the alkaline ones 
as tests, which will be described in a subsequent part of the 
work, 
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To the liquid solution of fluoric acid, Gay Lussac and 
Thenard have given the name of silici-fluoric acid... Its spe- 
cific gravity, Sir H. Davy finds to be 1.0609. By adding 
water, in very small quantities at once, its specific gravity is 
gradually increased to 1.25, a property observed in no other 
liquid. When suddenly mixed with water, it becomes very 
hot and even boils; it emits dense and noxious vapours ; 
acts instantly and strongly on glass; and powerfully affects 
the skin, on which it raises painful pustules, or, if in suffi- 
cient quantity, occasions deep and dangerous ulcers.—A 
small piece of potassium thrown into it, detonates violently. 

The principal use of hydro-fluoric acid is for destroying 
the polish of glass; but for this purpose it is adviseable to 
prepare it in a state of considerable dilution, by receiving 
the gas into water, contained in a leaden vessel. It may, 
also, be employed to etch on glass, as copper is engraved by 
aqua fortis. 


Nature of Fluoric Acid. 


The experiments of Sir H. Davy, made in 1808, led him 
to conclude, chiefly from the action of potassium on silicated 
fluoric gas, that the fluoric acid is a compound of oxygen 
with a combustible basis. But as all acids, so constituted, 
are, decomposed by galvanic electricity, their base being de- 
termined to the negative, and their oxygen to the positive 
vole, he has lately * submitted liquid fluoric acid to this test, 
after having first ascertained, by the result of its combination 
with ammoniacal gas, that, in its strongest form, it contains 
no water. Considerable difficulty was experienced in making — 
the necessary exposure of the liquid to electricity, (partly in 
consequence of the dangerous fumes which it emitted) and 
in collecting the products. At the negative pole, a gas was 
evolved, which, from its inflammability, appeared to be 
hydrogen. The platina wire at the positive pole was rapidly 
corroded, and covered with a chocolate powder, the proper- 
ties of which seem not to have been examined. 


* Phil, Trans. 1813, part 2; and 1814, part 1. 
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When fluate of ammonia was treated with potassium, no 
evidence was obtained of its coritaining oxygen. Charcoal, 
also, intehsely ignited in fluoric acid gas, gave no carbonic 
acid. The most simple way of explaining the phenomena 
appears, therefore, to Sir H. Davy, to be by the supposition; 
that the fluoric acid, like the muriatic, is composed of hy- 
drvgen, and a pectiliar base, possessing, like oxygen and 
chlorine; a negative electrical energy, atid hence determined 
to the positive surface. For this base, which; like chloring 
He believés to combine at once with nietals, the name of 
fluorine has been proposed. This substance, from its strong 
‘affinities and decomposing agencies, has not yet been exhi- 
bited in a separate state; nor have any of the attempts to 
detach it from its combinations by chlorine or oxygen, (on 
the presuniption that the attraction of one of those bodies 
for the metals might be na yd to that of fluorine,) been 
hitherto successful. 

‘The number representing the atom of fluorine, as deduced 
from the composition of fluor spar, is 17.1; and fluor spar . 
must be coiiposed of 20 calcium and 17.1 fluorme. On the 
whole, Sir H. Davy is disposed to estimate the weight of 
the atom of fluorine at less than half that of chlorine, and ta 
fix it at 33, which is equivalent, on Mr. Dalton’s scale; 
to 16.5. | 


Fluoborie Acid. 


With the view of obtaining fluoric acid gas perfectly free 
from water, both Sir H. Davy and Gay Lussac appear-to 
have had recourse to the same experiment, wx. that of dis- 
tilling perfectly dry boracic acid with fluate of lime. When 
these substances were exposed to a strong heat m an iron 
tube, in the proportion of one part of the former to two of 
powdered fluor spar, a pas was collected in great quantity, 
which exhibited singular properties, and to which Messrs. 
Gay Lussac and Thenard have given the name of gas, fluo= 
borique, or fluoborie acid gas. It may, also, be obtained 
by distilling in a retort 1 part of vitreous boracic acid with 
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two of fluor spar and 12.of sulphuric acid. One hundred 
cubic inches weigh 73.5 grains. 

This gas, according to the latter chemists, appears to con- 
tain no water, and to have so strong an affinity for it as to 
take it from other gases which hold water in combination. 
Hence, when mixed with most of those gases, on which it 
does not exert a chemical action, such as atmospheric air, 
it loses its transparency and becomes cloudy. 

With ammoniacal gas it unites in two proportions. If 
the alkaline gas be put first into the tube, equal measures 
combine together, and the compound is neutral. But if we 
admit Maisboric gas by bubbles to the alkaline gas, we obtain 
a compound, with an excess of base, consisting of one mea- 
sure of fiuoboric gas to two of ammonia. 

Fluoboric gas is absorbed copiously by water, which takes 
up 700 times its bulk and acquires the specific gravity 1.77. 
The saturated solution has the causticity and aspect of strong. 
sulphuric acid; requires for ebullition a temperature con- 
siderably exceeding 212° Fahrenheit; and is condensed 
again im striz which contain much gas. From analogy, 
Gay Lussac supposes that nitric and even sulphuric tials 
are, in their pure states, equally elastic with this. . 

When potassium or sodium was heated in fluoboric gas, 
_ Gay Lussac and Thenard obtained fluate of potash or soda, 
and the base of the boracic acid. | 

The liquid acid acts almost as intensely as sulphuric acid 
on vegetable substances. It blackens paper, and affords a’ 
true ether with alcohol. It has no effect in corroding glass. 

From analysis, Gay Lussac and Thenard, as well as Sir 
TH. Davy, have determined it to be a compound of boracic 
and fluoric acids, in proportions not yet ascertained. — 


CHAPTER XVIII. 


IODINE AND ITS COMPOUNDS. 


TODINE was discovered accidentally, about the beginning 
of the year 1812, by M. Courtois, a manufacturer of salt- 
petre at Paris. In the processes for procuring soda from 
the ashes of sea weeds, he found his metallic vessels much 
corroded; and in searching for the cause, he made this 
discovery. Specimens of the new substance were given to 
M. M. Desormes and Clement, who read a ee me-+ 
moir upon it, at a meeting of the Institute of France, in 
November, 1813. Its properties and combinations have since 
been ably investigated by Vauquelin*; by Gay Lussact; 
by Sir H. Davy +; and by Gaultier de Claubry and Colin §. 
When all the soda has been separated by crystallization 
from a solution of kelp or barilla, or from the ley of ashes 
of marine plants, that afford the mineral alkali, in order to 
procure iodine from the residuary liquor, concentrated sul- 
phuric acid is to be poured upon it, in a retort furnished 
with a receiver. The iodine passes into the receiver, under 
the form of beautiful violet vapours, which are condensed in 
crystalline plates, having the aspect of plumbago. To purify 
it from the redundant acid, that comes over with it, the 
iodine may be redistilled from water, containing a very 
small quantity of potash, and afterwards dried by pressing 
it between folds of blotting 
General Prices tas is a eal at the ordinary 
temperature of the atmosphere. It is often in scales, resem- 
bling those of micaceous iron ore; sometimes in large and 
brilliant ¢homboidal plates; and occasionally in elongated 


* 90 Ann. de Chim. 206. + 91 Ann. de Chim. - 
{ Phil. Trans. 1814. § 90, 91, & 93 Ann. de Chim. 


|| More minute directions for its preparation are given in the Phil. 
Mag. xl. 57, 141, and 209. 
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octohedrons *. Its colour is blueish black; its lustre me- 
tallic; it is soft and friable, and may easily be rubbed to a 
fine powder. Its taste is very:acrid, though it is sparingly 
soluble in water, which does not take up above one 7000th 
part of its weight. Its specific gravity, at 60° Fahrenheit, | 
is 4.946. It isa non-conductor of electricity; and possesses, 
in a high degree, the electrical properties of oxygen and 
chlorine, being determined to the positive pole of a galvanic 
arrangement. When applied to the skin, it produces a 
yellow stain, but this disappears as the iodine evaporates. 

Jodine is fusible at 225° Fahrenheit, and, under the 
ordinary pressure of the atmosphere, is volatilized at a tem- 
perature somewhere near 350°, forming a gas 117.71 times 
denser than hydrogen, or, according to Sir H. Davy, weigh- 
ing 95.27 for 100 cubic inches. The volatilization of iodine 
atthe heat of boiling water, which happens when it is dis- 
tilled with that fluid, depends on its affinity for aqueous 
vapour. ‘The colour of its vapour is a beautiful violet, and 
hence its name (from iwdns, violaceus). 

Action of Oxygen.—lodine undergoes no change by being 

‘heated in contact with oxygen gas, or with hyperoxy-mu- 
riate of potash. It will appear, however, in the sequel, that, 
by the intervention of euchlorine, it admits of being com- 
bined with oxygen, and that it then furnishes a peculiar acid 
with that body. 

Action of Nitrogen.— Azotic gas has no action on iodine, 
but a compound a iodine and nitrogen will be described in 
speaking of the effect of ammonia. . 

Action of Water.—It has no power of de tonsiesine water, 
even when the mixed vapours of the two. substances are 
passed through a red hot tube. 

Action of Hydrogen.—The affinity of iodine for hydrogen 
is very strong, and it absorbs that basis from hydrogen gas, 
and detaches it from several of its combinations, affording, 
as the result, a distinct and well characterized acid. 


* Dr. Wollaston has described the fot of its crystal in Thomson’s 
Annals, vy. 237. 
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If iodirie be heated in dry hydrogen gas, an expansion of 
its volume takes place; an acid gas is formed, which is very 
absorbable by water; arid acts so much on mercury that it 
cannot be preserved long over that metal. A similar gas- 
~ eous contpound is formed, by exposing iodine to sulphuretted 
hydrogen gas. But it is best prepared, in quantity, by the 

action of moistened iodine and phosphorus on each other, 
the phosphorus being im excess, afid the mixture distilled 
in a retort. The gas may be received into a vessel filled | 
with common ‘air, which it expels by its superior gravity. 
Gay Lussac recommends, instead ofa retort, a small bent 
tube, which after putting the iodine into it, is to be inverted 
‘ever mercury; the air, which it contains, is to be expelled 
by a glass rod, that almost fills its capacity; and the phos- 
phorus is to be brought mto contact with the iodine, by 
introducing it through the mercury. As soon as the contact 
takes place, the acid gas is disengaged, and may be col- 
lected by putting the open end of the tube under a glass jar 
standing inverted in mercury. vis 

No sooner docs the gas come into contact with the mer- 
eury, than it begins to be decomposed; and if the contact 
be prolonged a sufficient time, or agitation be used, the des 
eomposition is complete. ‘The iodine unites with the mor- 
cary; and there remaitis a volume of hydrogen gas, which 
is exactly one half that of the acid gas. It is decomposed, 
in @ similar manner, by all metals, except gold and platina. 

The acid gas is colourless, its taste is very sour, and its 
smell resembles that of muriatic acid gas. Its specific 
gravity was found by experiment 'to be 4.443; by calculation 
it should have been 4.428. 3 

The acid gas is rapidly decomposed by being heated in 
contact with oxygen gas, which detaches the hydrogen. 
Chlorine also, instantly deprives it of hydrogen, and pro- 
duces muriatic acid gas; and the iedine re-appears in the 
form of a beautiful violet vapour. It is composed, by 
weight, according to Gay Lussac, ef 100 iodine and 0.849 
hydregen. 

For this compound Sir H. Davy has proposed the name 
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of hydroionic mare and Gay Lussac that of hydriedic acid. 
1 prefer the latter; because it is easier, by varying its 
termination, to abe its combinations with alkaline and 
other bases. 

Hydriodic acid gas is plentifully absorbed by water ; the 
solution is fannie, and has the density of 1.7.. To prepare 
this liquid in quantity, Gay Lussac recommends to put 
powdered iodine into water, and to pass sulphuretted hydro- 
gen #as through the mixture. The hydrogen unites with 
the iodine, and the sulphur is precipitated. The liquid may 
be concentrated by evaporation. Till it attains the tempera- 
ture of 257°, water only distils; above this point, the acid 
itself is volatilized, and réfhains stationary at 2622°, its 
density beine then 1.7. 

The liquid acid is slowly decomposed by contact with 
alr; its hydrogen being attracted by the oxygen of the 
atmosphere, and a portion of iodine liberated, which gives 
the liquor a colour, of intétisity proportionate to the quan- 
_ tity of free iodine. Concentrated sulphuric acid, nitric acid, 
and chlorine decompose ‘it, and separate fedine. With 
solutions of lead, it gives a fine’ orange precipitate; with 
solution of per-oxide of mercury, a red one; and with silver, 
a white precipitate, insoluble in ammonia. 

When submitted to Galvanic electricity, the liquid hy- 
driodic acid is rapidly decomposed ; iodifie appears at the 
positive, and hydrogen at the negative pole. It dissolves 
vine and iron, with a disengagement of hydrogen gas, which 
proceeds from the water. It has no action ‘oi mercury, 


though the @as so powerfully affects that metal. It isde- 


composed by those oxides, which hold their oxygen lédsely, 
and combines with the rest, forming a genus of neutral 
salts, called hydriodates. 

In géneral, the hydriodates are readily wolebiet in water. 
Those -of potash and barytes are not decotirposed by heat, 
exéept oxyééen is in contact with than; the salt with base 
of lime ¥s wholly, and that with base of maenesia partially, 
decomposed at high temperatures. 

Charcoal does not combine with iodine. 
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Sulphur and iodine unite at a gentle heat, and a black 
radiated compound is formed, resembling sulphuret of anti- 
mony. It is easily decomposed lay a ase ce of heat a little 
higher than that at which it was formed, and iodine is 
detached in vapour. | 

Phosphorus and iodine combine at the temperature of the 
atmosphere, according to Sir H. Davy, evolving much heat, 
but no light; but, according to Thenard, with a disengage- 
ment both of light and heat... The result is a phosphuret of 
godine, of a reddish brown colour, the solidity, fusibility, 
and volatility of which vary with the proportions of its in- 
sredients. If both the phosphorus and iodine are dry, no 
gas is given out during their combination; but, when 
slightly wanted: hydeiodic acid is formed, by the union 
of iodine with the hydrogen of the water; a little sub- 
phosphuretted hydrogen is produced ; and phosphorous acid 
remains in solution. The hydriodic acid gas is also formed, 
when the phosphuret of iodine, produced from dry materials, 
is added to water. 

Potassium and iodine.— Potassium burns in the vapour of 
iodine with a pale blue light, and without the disengagement 
of any gas. ‘The substance produced is white; fusible at a. 
red heat; and soluble in water. It has a peculiar acrid 
taste. When acted upon by sulphuric acid, iodine is set at 
_ liberty.. The same compound is obtained, by heating po- 
tassium im hydriodic acid gas, which is decomposed, and 
yields half its volume of hydrogen gas. To this compound 
Sir H. Davy has given the name of iode of potassium, the 
term zode being a generic one for the compounds of iodine 
wth the metais and other combustible bases; but Gay Lussac 
has proposed (what appears to me more appropriate) the 
name of zodure. 

When iode or ioduret of Fi cesta silver, mercury, or 
lead, is heated in chlorine gas, iodine is expelled, and hence 
the affinity of chlorine for those metals surpasses that of 
Jodine. Sulphuric acid extricates some iodine, and occa- 
sions a production of hydriodic and sulphurous acids. Ox~ 

. fs : | 
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alic, acetic, sulphurous, and phosphoric acid have no action 
on the iodurets. : £ 

Iodine and alkalis.—When dae in vapour’ is passed 
over ignited hydrate of potash, oxygen is disengaged, and 
a, Mosenqurn; is formed, precisely similar to that, which re- 
sults from the combination of iodine and potassium. Hence 
the affinity of iodine for potassium exceeds that of oxygen; 
and the same may be said of several other metals, though 
not of all, their oxides being decomposed by iodine. From 
subcarbonate of potash, it dialaues two volumes he carbonic 
acid and one of oxygen. 

When iodine is thrown into a moderately strong solution 
of potash, rendered perfectly caustic, it is dissolved; and, 
during its solution, crystals fall down, which may be obtained 
ghoarilsatl ys by saturating the liquid with iodine. To obtain 
these crystals pure, they must be washed with alcohol of a 
specific gravity, between .860 and .920. They are sparingly 
soluble in water; have a taste like hyper-oxymuriate of pot- 
ash ; deflagrate ae charcoal; and when heated give oxygen 
gas, and ae et of potassium. With sulphuric acid, they 
afford iodine, oxygen, and sulphate of potash. 

The liquid, which has ceased to yield these crystals, 
affords, on evaporation, a salt identical with ioduret of po- 
tassium. -In this case, Sir H. Davy imagines the potash 
is decomposed; one part of it combines with iodine, and 
the oxygen, thus set at liberty, unites with the other part 
and with iodine. In his view, therefore, the deflagrating 
salt is a triple compound of oxygen, iodine, and potassium, 
and is called an oxyiode; but Gay Lussac supposes that — 
the iodine is oxygenated, and'forms an acid, which he calls 
iodic acid; and that this, uniting with potash, composes. 
iodate of potash. ‘By acting with iodine on solution of 
barytes, a similar compound was formed with that earth, 
which, when decomposed by sulphuric acid, gave, he sup- 
poses, a mixture of that acid with iodic acid. But the 
product, in this case, Sir H. Davy has since shown, is a 
compound of sulphuric acid with oxyiodine, which will 
presently be described. 
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_ Dry ammoniacal gas is absorbed by iodine without de- 
composition; the product is at first very viscid, and has a 
metallic aspect; but by an excess of ammonia, it loses these 
properties, and becomes of a very deep brownish red. 
When iodine is added to liquid ammonia, one part of it 
unites with the hydrogen of the alkali, and forms hydriodie 
acid, while another portion of iodine combines with the 
azote, and falls down in the form of a black powder. This 
compound of azote and iodine detonates with a very gentle 
heat, and even with the slightest touch. 

Iodine and chlorine.—Iodine absorbs less than one third 
Se weight of chlorine, and forms a peculiar acid which may 
be called chloriode, or chloriodic acid, and its compounds 
chloriodates. According to Gay Lussac, indeed, two com- 
pounds result, the one of a fine orange yellow colour, con- 
taining the largest proportion of eulatines the other orange 
red. Both are solid and crystalline; deliquiate when ex- 
posed to the air; are fusible into an orange liquid; and 
give an orange coloured gas. The watery solution takes 
more iodine, and acquires a deeper colour; but if agitated 
with chlorine, it is deprived of colour, and when poured in 
that state, into solution of potash, the deflagrating salt is 
precipitated. From liquid ammonia, the colourless liquid 
precipitates a white detonating compound; but the coloured — 
solution throws down the darker compound, which deto- 
nates on the slightest touch, and is, indeed, identical with 
that, procured by the direct action of iodine on ammonia. | 

Chioriodic acid (or chlorure of todine, as it is called by 
Gay Lussac) precipitates the salts of iron, lead, tin, and 
copper ; probably in the state of oxyiodes. 

It bas been observed by Gay Lussac, that, in order to 
convert the whole of a quantity of alkali into the deflagrating 
salt, without any of the hydriodate, (which otherwise is pro- 
duced in greater proportion than the oxyiode) it is necessary, 
first, to combine the iodine with chlorine; and, after dis- 
solving the compound in water, to saturate it with alkali. 

Zodine and Euchlorine-—When iodine is exposed to eu- 


4s 
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chlorine, Sir H. Davy has recently discovered *, that there 
is animmediate action; its colour changes to bright orange; 
and a liquid is formed. By the application of a gentle heat, 
the orange compound of chlorine and iodine is expelled, 
and a eompound of oxygen and iodine remains. This sub- 
stance is a white semi-transparent solid; ithas no smell, 
but a strong astringent sour taste. Its specific gravity is 
such, that it sinks in sulphuric acid. 

When decomposed by heat in a pneumatic apparatus, it 
is resolved into oxygen gas and pure iodine; and it is, there- 
fore, termed by Sir H. “Davy; oxyiodine. ‘Thirteen grains 
afforded 9.25 cubical inches of oxygen gas, = 3.14 grains. 
Hence it is composed of 

PIO ass Sasi ee oy 6 OO 2s. u BLAS 
ORY SON ohn chet eel Os ces OL cOe = ie TOD. 


100. 131.84 414.8 


On the supposition that oxyiodine is composed of five 
_ atoms of oxygen and one of iodine, the atom of iodine may 
be deduced to weigh 117.15. Now it is remarkable, that 
assuming hydriodic acid to consist of one atom of iodine 
and one of hydrogen, the weight of the atom of iodine is 
117.77; for as .849 to 100 (the proportions in which hy- 
drogen and iodine combine) so is 1 to 117.77. If 10 repre- 
sent the atom of oxygen, then the atom of iodine will weigh 
150.62. 

Oxyiodine is-very soluble in water, and is slightly deli- 
quescent. Its solution first reddens, and then destroys, 
vegetable pikea, and reduces other vegetable colours toa 
dull yellow. ‘When evaporated dattiniohty. it becomes a 
thick pasty substance, and at length, by a egpnously regu- 
lated heat, yields oxyiodine paloma 

‘When heated in contact with inflammable bodies, or with 
the more combustible metals, detonations are produced. - Its 
solution in water rapidly corrodes all the metals, and even 
acts on gold and platina, but especially the first. 


* Phil, Trans, 1815, part 2. 
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When its solution is poured into solutions of alkalis, or 
alkaline earths, or when made to act on their carbonates, 
triple compounds are formed of oxygen, iodine, and the 
metallic bases, called by. Sir H. Davy, oxyiodes ; and by Gay 
Lussac, it would appear improperly, iodaies. With solution 
of ammonia, it composes oxyiode of ammonia; and, from 
the soluble salts of barytes and strontites, it precipitates 
their respective oxyiodes. Vorty-eight grains of oxyiode of 
potassium, when ipa by eee dhe ded Sir H. Davy 
31 cubic inches, = 10.5 grains, of oxygen gas. 

Oxyiodine re ies a Le witli all the fluid or 
solid acids, which it does not decompose. Sulphurie acid, 
dropped into a saturated solution of it in hot water, preci- 
pitated a solid, which, on cooling, formed rhomboidal crys- 

tals of a pale yellow colour. This compound is fusible; 
and, with a heat properly regulated, may be sublimed’un- 
altered. Hydronitric and hydrophosphoric acids afford — 
analogous compounds. Oxalic and liquid muriatic acids — 
decompose it. All its acid combinations redden vegetable 
blues; dissolve gold and platinum; and when added to 
alkalis or earths, afford common neutral ‘salts, and their 
respective onyiodes: In their crystalline state, the com- 
pounds of oxyiodine and acids are most probably hydrates ; 
the acids carrying with them, into combination, their de~ 
finite proportion of water. | 

For the watery solution of oxyiodine, Sir H. Davy has 
proposed the name of oxyiodic acid, and, is disposed to 
regard it as a triple compound of iodine, hydrogen, and 
oxygen; or an oxyiode of hydrogen. 

Iodine and Metals.—All. the metals, with the aid of heat, 
unite with iodine, and form zodes or todurets, analogous to 
sulphurets. When these compounds are placed in contact 
with water, it is decomposed, and a hydriodate of the re-. 
‘spective metal is produced, the water furnishing hydrogen 
to the iodine and oxygen to the metal. 

Nature of Iodine,—Iodine, from all that we yet know. 
respecting it, is to be considered as a simple or elementary 
body, having a very striking analogy with chlorine, which 
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it resembles, istly, in forming one acid by uniting with 
hydrogen, and a different acid with oxygen; 2dly, in its 
effects on vegetable colours; 3dly, in its affording, with the 
fixed alkalis, salts which nearly approach in characters to 
hyper-oxymuriates; and 4thly, in its electrical habitudes. 
Its discovery, indeed, lends strong support to that theory, 
which considers chlorine as a simple body, and muriatic 
acid as a compound of chlorine and hydrogen. In the pro- 
perty of forming an acid, whether it be united with hydrogen 
or with oxygen, iodine bears, also, an analogy to sulphur ; 
and it is remarked by Gay Lussac of the combinations of 
chlorine, iodine, and sulphur, with the elements of water, 
that while the acids, which they respectively form with oxy- 
gen, have their elements strongly condensed, those formed 
with hydrogen have their elements very feebly united. Sul- 
phur has the strongest affinity for oxygen, then iodine, and 
lastly chlorine. But for hydrogen, chlorine has a stronger 
attraction than iodine, and iodine than sulphur. 

The source of iodine in nature has been investigated with 
much ability by M. Gaultier de Claubry *, the first part 
only of whose memoir has yet reached me. His first experi- 
_ ments were directed to the analysis of the several varieties 

of Fucus, the combustion of which furnishes the soda of sea- 
' weeds. Before these vegetables are destroyed by combus- 
tion, he ascertained that iodine exists in them in the state 
of hydriodate of potash; and that the calcination only de- 
stroys the vegetable matters, with which it is combined. As 
the hydriodate of potash is a deliquescent salt, it remains 
in the mother liquor, after separating the carbonate of soda, — 
and most of the other salts, by crystallization. In the course. 
of these experiments, M. de Claubry found that starch is 
one of the most delicate tests of the presence of iodine, and 
if added to any liquid containing it, with a few drops of sul- 
phuric acid, iodine is indicated by a blue colour, of greater 
or less intensity. In this way, he detected iodine in the 
decoction of the Fucus Saccharinus, &c. 


* Ann. de Chim. xciii. 75. 
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OF THE GENERAL PROPERTIES OF METALS. 


THE metals compose a class of bodies, which are not more 
interesting from their application to the common arts of 
life, than from the facts which they contribute to the general 
principles of chemical science. - Only seven or eight were 
known’ to the ancients; but the class has been enlarged, 
within the last century, by the discovery of twenty new ones. 
In addition to the recently discovered bases of the alkalis 
and earths, the following appear to have a sufficient claim 
to be considered as distinct metals. | ¥ 


t. Gold. - 10. Iron, 19. Cobalt. 
oog@, 'Platina. 11. Nickel. 20. Manganese. 

3. Silver: 12. ‘Tin. 21. Chrome. 

4. Mercury. 13,, Lead... ., 22. Molybdena. 

5. Rhodium. |. 14 Zinc. = | 23. Uranium. 

6. Palladium. 15. Bismuth, 24. ‘Tungsten. 
7, Tridium. 16. Antimony. | 25. Titanium. ’ 

8. Osmium. | 17. Tellurium. 26. Columbium. 
ilQ. Poppet 18. AATSEDC.. 27. Cerium. » 


Of a class comprehending SO many hasctper aie) it is not 
: easy to offer a general description; but it will be found that 
‘they are all chacenioinad by oneOr, more, of the following 
a epesise3 fie ing, if 

1. With the. exception of the newly aivcueaeatl base oft e | 
the alkalis and earths, they are distinguished. by a high de- # 
gree of specific gravity ; the lightest of the metals aeliamuse) | 
being considerably heavier, than the most ponderous of + ~ 
the earths. _ They are, perhaps, the only. solid bodies, ~ 
_ whose specific gravity is affected by mechanical means;_or, 
in other words, whose particles can be brought permanently 
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into a state of nearer approximation by external pressure. 
In consequence of this property, several of the metals un- 
dergo material changes in their specific gravity, by the 
mechanical operations of rolling, hammering, &c. It may 
be questioned, whether the metals are heavier, in consequence 
of the greater specific gravity of their individual atoms, or 
from a greater number of atoms being aggregated into a 
given volume. ‘The former, however, is most probably the | 
case, though it must be acknowledged that their specific gra- 
vity is by no means exactly proportional to the weight of 
their atoms. 

2.. They are opake, at least in the state. in which they ge- 
nerally occur to our observation. Gold, however, beat into 
leaves ~<;!;55th of an inch in thickness, transmits a faint 
greenish light, when held between the eye and the direct 
light of the sun. 

3. They possess various degrees of ong and it is of so 
peculiar a kind, that it has been termed by mineralogists the 
metallic lustre, and referred to. as a known standard in the 
description of other minerals. Some of the metals possess 
this property in so remarkable a degree, as to be applicable to 
highly ornamental purposes. Polished steel takes place of 
all the metals in the perfection of its lustre; but some of 
the class (as cobalt and nickel) appenn to. be susceptible of 
it in only a small degree. 

4. The metals are excellent reflectors, not only of light 
but of caloric; and hence they are the best materials for the 
composition of burning mirrors. From the experiments of 
Mr. Leslie, they appear.to. possess this property in the fol- 
lowing order, the highest number denoting the greatest 
Sretteciing power. | 
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‘In general, the reflecting power was found by Mr. Leslie, 
to be proportioned to the degree of polish, and to ‘be im- 
paired by every thing that diminished this quality. <A tin 
reflector, for example, had its reflecting power diminished 
nine tenths by being rubbed with sand paper. ) 

5. Metallic bodies are, of all others, the best conductors 
of electricity. Their property of electro-motion has already | 
been described, in the chapter on the chemical agencies of 

electricity and galvanism. 

"6. They are, also, excellent conductors of caloric. 

7. One of the most useful properties of the metals is their 
malleability, or capacity of being extended by the blows of 
a hammer. In this quality, gold takes place of all the rest. 
The gold-leaf, which is sold in books, is so extremely thin, 
that jets than five grains cover a surface of about 2724 square 
inches; and the thickness of each leaf does not exceed. 
saiseoth part of an inch. All the metals, however, are 
not malleable. Gold, platina, silver, palladium, mercury - 
(in its frozen state), copper, iron, lead, tin, zinc, and nickel *, 
are the only ones to which this property belongs. The rest, 
on account of their brittleness, were formerly called. semi- 
metals. But since, even in these, a diminishing progression 
of malleability may be observed, the distinction, though re- 
tained in common language, is very properly rejected from 
chemical and mineralogical systems. _ 

8. All the metals that have been described as vihtestte 
(with the exception, perhaps, of nickel) are also ductile, or 
may be drawn out into wire. In this respect, also, gold ap- 
pears to take precedence of the rest, for it may be drawn out 
into wire not thicker than a human hair. 

9. Wires of the same diameter, but of different siictals® M 
are found to be capable of sustaining very different weights. 
‘This arises from their variable tenacity, which is estimated 
by gradually adding weights till the wire is broken. From 
the experiments of Guvton Morveau, the following are the 
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utmost weights, which wires of 0.787 of an English line in 
diameter can support without breaking. 3 2 


’ Ibs. decl. 
avoird. parts. 
A wire of iron supports 549.250 
copper 302.278 
‘ platina 274,320 | 
silver -—— 187.137 
gold -—— 150.753 
zinc ——— 109.540 
tin —— 34.630 
lead 2'7.621;:* 


The tenacity of tin is greatly inferior to that of gold; and 
lead has still less tenacity than tin, and even than some sorts 
of wood. : 

10. Some of the malleable and ductile metals have, also, 
a high degree of elasticity. ‘This property fits them for being 
applied to the mechanical purpose of springs. Steel and 

‘iron are, in this respect, superior to all other metals. 


Beside the circumstances of agreement in their physical 
qualities, which have been enumerated, the metals resemble 
~ each other, also, in their chemical properties. Some of these 

resemblances it may be proper to state, for the purpose of 
avoiding unnecessary repetitions. 

The metals, so far as we know at present, are simple or » 
elementary bodies, and may be arranged in the class of sim- 
ple combustibles. They were formerly, indeed, considered, 
but on very insufficient evidence, as composed of a combus- 
tible base, peculiar to each metal, united with a general 
principle of inflammability, which received the name of 
phlogiston. When the metals are exposed to a strong heat, 

the first change which is produced in them is that they melt, 
or run into fusion. ‘This effect takes place, in the different 
metals, at very different temperatures. Some of them may 
be made to boil, and are actually converted into vapour, at 
a heat considerably below redness; while ‘others require a 
very intense heat for their fusion. By a sufficient elevation 
of temperature, it is probable, however, that they would all 
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be volatilized; for platina itself, which does not melt at a 
less heat than 170° of Wedgwood, has been observed to 
boil, when placed in the focus of a powerful burning lens *. 
In some of the metals, no farther change is produced by the 
application of heat. with the free access of air; and they re- 
turn, on cooling, to their former condition. But other 
metals undergo a very remarkable change. ‘Their cohesion, 
lustre, malleability, tenacity, and all the properties that have 
been described as characteristic of them, are destroyed. 
Though their absolute weight is increased, yet they become 
specifically lighter, and they are distinguished by a new train 
of properties not observed in the metals themselves. 

These changes have been very differently explained, at 
different evi in the history of chemical science,, On the 
theory of phlogiston, they were’accounted for by assuming 
that the metals, during the process of exposure to air at a 
high temperature, abandon their phlogiston, which, it was 
supposed, unites with the air and renders it phlogisticated, 
and consequently unfit for supporting the combustion of other 
inflammable bodies. ‘The hypothesis, however, could no 
longer be maintained, when it was proved that the metals, 
so far from lesing weight, become. heavier after the opera- 
tion ; and Honk various attempts were made, by modifica- 
tions of the ieee to accommodate it to this fact, yet none 
of them can be considered as having been at all successful. 
_. The theory, which is now almost universally admitted, as 
best explaining the phenomena in question, though suggested 
by the hints furnished by preceding discoveries, was first 
reduced to a systematic and.consistent form by Lavoisier. 
The metals, according to the views of this enlightened phi- 
losopher, undergo 96 changes that have already been 
described, in consequence of the absorption of oxygen from 
the air. Hence, while the metallic body becomes. heavier, 
the air, in which the process is performed, should sustain a 
proportional diminution. of weight. That this is the fact, 
admits of being demonstrated; and still more readily and 
satisfactorily, if we employ oxygen gas instead of common 
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air. A certain quantity of gas (or the whole indeed, under 
favourable» circumstances) disappears ; and. the increase of 
weight in the metal is found, on examination, to be precisely 
equal to that of the gas which has been condensed. In some 
cases, we can even go farther; and separate the oxygen from 
the metal by the mere application of heat, the oxygen being 
recovered in the state of gas, and the metal returning to a 
metallic state. More satisfactory evidence than this-could 
scarcely be required of the nature of the change which takes 
place; and it may be admitted, therefore, as an established 
truth, that metals lose their metallic form, in consequence of 
their combination with oxygen. The process has. been 

called by Lavoisier oxidation, and the result of it an oxide, 
For the former term, however, Mr. Chenevix, influenced by 
reasons which are stated in his work on chemical nomencla- 
ture, has proposed to substitute that of oxzdizement. In the 
following pages, I shall employ both these expressions 
indiscriminately. 

The phenomena and results of the oxidizement of metals 

_are not the same in all cases, but differ very considerably 
with respect to different metals. 

1. Some metals are oxidized by mere exposure to atmo- 
spheric air at the ordinary temperature, and even to air 
which has been deprived of its hygrometric water. Arsenic, 
manganese, and the new metals discovered by Sir H. Davy, 
are perhaps the only ones, which have been proved to pos- 
sess this property. Others, it is true, as lead and copper, 
are changed by the action of the air, but extremely slowly, 
and not without the conjoined operation of moisture. 

2. Other metals undergo this change, but not without a 
considerable increase of their temperature. Iron, zinc, 
copper, tin, &c., when heated to redness, lose their metallic 
lustre, and are slowly converted into variously coloured ox- 
‘ides. In some instances, the process is accompanied with 
so abundant an extrication of light and heat, as to exhibit a 
vivid inflammation. This ea chiefly, with some of the 
volatile metals. Arsenic and zinc, for example, when pro- 
jected into a red-hot crucible, emit a brilliant flame. In 
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other metals, the process is unaccompanied by any:remark- 
able phenomena, and is known to have taken place only by 
its results. 

To convert the metals into. Sire) there isa degree of 
heat, which is peculiar to each metal, and even to different — 
oxides of the same metal. Mercury, for example, is ox- 
idized, at a degree of heat, which produces no change on 
iron; and lead at one degree of ogg wal lle becomes minium, 
at another massicot. 

3. With the exeapaon of mercury, the metals, ahah z 
have been called perfect, (comprehending, also, gold, platina, 
silver, and palladium), are not oxidized, even by the com- 
bined operations of air and of an increased temperature.+ 
Gold, silver, and other metals of this kind, may be kept for 
many days in fusion, without undergoing any change. That 
they have an affinity, however, for oxygen, and are even car 
pable of taking it from atmospheric air, is. proved by the 
effect of an as or galvanic battery.. By the former, 
the wires of the perfect metals are, at the same moment, 
dispersed into smoke and oxidized; and by transmitting a 
powerful discharge, through any of the perfect metals beaten’ 
into thin leayes, the metal burns with a remarkable bh 
of splendour. 

4. All metals, that are peices by atmosphetical air, are 
still more readily oxidized by oxygen gas. In many cases 
a metal, which undergoes this change slowly and invisibly 
by the action of air, t calses fire in oxygen gas, and exhibits a 
bright inflammation. For example, it has already been 
Hawa. that an iron wire may be entirely consumed i in oxyn 
gen gas. 

These are the most simple cases of reialice oxidizement. 
In order that the changes, which have been described, may 
take place, it is only necessary that there should sit a 
stronger affinity between oxygen and the metal, than between 
the oxygen and light (and perhaps the electricity) which. 
constitute the gas. In other cases, the phenomena are 
more’ dur pipes and the metal acquires oxygen by the, 
decomposition of some other compound. . Of these sources 
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of oxygen, the most important, if not the only ones, are 
water, the acids, and other oxides; or whe muse i 
ing one or more of these substances. 

I. Water gives up its oxygen to those metals only, waiich 
manifest a overt affinity for that basis, and, generally 
speaking,’ to those which are most efficient in decomposing 
atmospherical air. ‘The newly discovered metals of Sir H. 
Davy decompose it with a rapidity, which amounts to actual 
inflammation; but, in general, the change is slow at common 
_ temperatures. Iron filings, for example, when moistened 

with water, and confined in an inverted jar over mercury, 
become very gradually oxidized, and evolve hydrogen gas. 
*But water, brought into contact with red-hot iron, is rapidly 
decomposed, aia hydrogen gas is disengaged in torrents. 

II. All those acids, in tits oxygen has been proved to 
exist, and especially those which Dr. Thomson has called 
supporters of combustion, and the neutral salts containing 
them, are efficient means of oxidizing the metals. In gene- 
ral, the less strong the affinity of the acid base for oxygen, 
bike more rapidly is the metal oxidized. ‘Those acids, that 
- have not been proved to contain oxygen (except the oxy- 
_ muriatic, the presence of oxygen in which is still a subject 
of controversy) are remarkably inert in their action on me- 
tals; and the same inactivity belongs to other acids, in which 
the oxygen and base are held combined by a powerful affi- 
nity. ‘Thus concentrated sulphuric acid, at the temperature 
of the atmosphere, scarcely attacks any of the metals; be- 
cause the oxygen and sulphur, of which it consists, forcibly 
attract each other. On the other hand, the nitric and 
nitro-muriatic acids, in which there exists a large quantity 
of loosely combined oxygen, readily abandon a part of it, 
and. act on the metals with considerable energy. Even the 
perfect metals are oxidized by the last acid; and thus we 
obtain proof that the resistance, which the perfect metals 
show to the action of oxygen gas, is not owing to their want 
of affinity for that basis, but to the predominance of other 
epposing forces. 

Some of the acids, which do not, in their concentrated 
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state, act upon metals, acquire the power of oxidizing them 
when diluted with water. This is true of the sulphuric and 
muriatic acids, to either of which we may apply iron or zinc, 
without any change ensuing. But on adding water, the 
metal disappears, and hydrogen gas is abundantly evolved. 
Now it is a principle, to which no exception has yet been 
discovered, that a metal cannot, in its perfectly metallic state, 
unite with any acid. In order to be dissolved, it must first 
be brought into the state of an oxide; and in the case which 
has been just now stated, no substance, capable of furnishing 
oxygen, is in contact with the iron except water. As an ad- 
ditional proof that water is, in this mstance, the source 
of the oxygen, it has been ascertained that no portion of the 
acid is decomposed; but that the same quantity of acid ex- 
ists in combination with oxide of a as was originally 
- submitted to experiment. 

By measuring the quantity of, fl Sasi gas, evolved in 
experiments of this kind, it is not difficult to calculate how 
much oxygen the metal has acquired; since every 100 cubic 
inches of hydrogen gas indicate the transference to the metal 
of about 17 grains of oxygen. Equal weights of different 
metals evolve different quantities of hydrogen gas, in conse- 
quence of their combining with different quantities of oxygen. 
If one.metal, for example, in order to become soluble in 
sulphuric acid, require 40 per cent. of its weight of oxygen, 
and another only 20 per cent., the former will disengage 
twice as much. hydrogen gas as the latter. The same metal, 
also, in different states, may evolve different quantities of 
hydrogen. If for example, the metal be already a little 
oxidized, it will set at liberty less hydrogen than if it were 
perfectly metallized. On this principle, the different pro- 
portions of real metal in several varieties of iron and steel 
_ have been investigated, the most perfectly metallized iron 
yielding, of course, the most hydrogen gas. ' 

The phenomena, observed during the solution of a metal, 
and those attending the solution of its oxide, in the same 
acid, are essentially different. For the most part, a metal is 
dissolved with effervescence, an appearance always occasioned 
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by the escape of gas. Iron, it has already been stated, 

effervesces strongly during its solution in dilute sulphuric 

acid; but the black oxide of that metal is taken up silently, 
and without any discharge of gas. 

III. The metals may be gxidthea by the tester of oxy- 
gen from other metallic oxides. Thus when iron filings are 
distilled with the red oxide of mercury, the oxygen passes 
to the iron, and the mercury is revived or appears in a me- 
tallic state. In a similar manner, the oxides held in solu- 
tion by acids, are decomposed by immersing, in the solution, 
other metals. When copper, for example, is immersed in 
a solution of nitrate of mercury (consisting of oxide of mer- 

“eury and nitric acid) the latter metal is deprived of its 

_ oxygen by the former, and appears on the surface of the 
copper in a revived state. The nitrate of copper, which is - 
thus produced, is precipitated by iron, which has a stronger 
affinity than copper for oxygen. A variety of similar ex- 
amples might be given, in which the precipitating metal 
takes oxygen from that which is precipitated. In cases of 
this sort, it must be confessed that the comparative affinities 
of the acid for the oxides of the two metals have some share 
in the effect, but much less than the affinities of oxygen se- 
parately considered. The precipitated metal, also, is seldom 
quite pure, but contains a portion of the metal, which has 
caused the precipitation. 

By an attentive examination of facts of this kind, Lavoi- 
sier has been able to deduce the proportion of oxygen ne- 
cessary to the solution of different metals, according to this _ 
analogy: As the quantity of the PRECIPITANT is to that of the 
PRECIPITATED metal, so is the quantity of oxygen necessary 

for the solution of the precipitated to that necessary for the so- 
lution of the precipitant. ‘Thus it has been found by expe- 
riment that 135 grains of mercury are necessary for the 
“precipitation of 100 grains of silver from the nitric acid. It 
is evident, then, that 135 grains of mercury require, to be- 
come soluble, the same quantity of ‘oxygen as 100 grains of 
silver; and, therefore, as 1000135, sois the quantity, necessary 
to render soluble 100 grains of mercury, to that necessary 
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for the solution of 100 grains of silver. Now eight grains of 
oxygen are necessary to the solution of 100 grains of mer- 
cury; and therefore 10.8 grains are required for the solution 
of 100 grains of silver. By an extension of the same expe- 
riments to other metals, Laveisier formed a table of the 
quantity of oxygen necessary for the solution of all the me- 
tals; but I. omit giving it in this place, because subse- 
- quent. discoveries have pointed out several inaccuracies, 
which it contains. 


Such are the principal means of effecting the oxidation 
of metals. Different individuals of the class, it has already 
been stated, combine with different proportions of oxygen ; 
and the same metal, it may now be added, is susceptible of 
different degrees or stages of oxidation. Iron, for example, 
when united with oxygen in the proportion of 29.5 grains to 
100 grains of metal, composes a black oxide; and with 43.5 
parts ae oxygen to 100 of metal, it constitutes a red oxide. 
These different oxides of the same metal have not only dif- 
ferent colours; but each of them is characterized by a dis- 
tinct train of chemical properties, and especially by different 
habitudes with respect to the-acids. [hus the black oxide 
of iron readily unites with muriatic and sulphuric acids; but 
the red oxide less easily. The salts with base of the first 
oxide afford a white precipitate with triple prussiate of pot- 
ash; and none at all with the gallic acid, or with sulphu- 
retted hy drogen. But the calia ld in which the iron is at. the 
maximum of oxidation, give a deep blue compound with the 
triple prussiate, and a black one with the gallic acid. 

It is an interesting question, whether the same metal is 
capable of uniting with oxygen, in all proportions between 
the maximum and minimum, or whether it does not rather 
combine with that principle in a few proportions only, be- 
tween which there are no intermediate compounds. Are 
there, for example, only two oxides of mercury, the Ulack, 
consisting of 100 parts of metal united with four of oxygen ;' 
and the ved, composed of the same quantity of metal and~ 
eight parts of oxygen? The determination of this point re- 
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quires more precise and multiplied appeals to experiment, 
than have hitherto been made. But in a great variety of 
cases, where the question has been accurately investigated, 
different oxides of the same metal do appear to contain oxy- 
gen, in proportions which are simple multiples of each other; 
and the fact will probably be established with respect to alk 
other oxides. It is by no means neeessary, however, that 
the possible number of oxides of any one metal should be 
limited, as Proust has supposed, to two; for it is perfectly 
consistent with the atomic hypothesis that there may be 
three, four, or even a greater number. © 

-It had been long known that of different oxides of the 
same metal, the one which contains a larger proportion of 
oxygen is capable of saturating more acid, than the one 
which contains less. Two of the illustrations, which are 
given of this principle, are furnished by the muriates of cop- 
per and the muriates of mercury. Corrosive muriate of 
‘mercury is composed of the red oxide of that metal, united 
with muriatic acid; and the sub-muriate (calomel) consists 
of the black oxide, combined with the same acid. Now it is 
remarkable that, according to the experiments of Thenard, 
the oxygen in the red oxide is just double of that in the 
black; and that the acid in the corrosive muriate is, also, 
precisely double that in the sub-muriate. Similar facts have 
been ascertained by Proust, with respect to the two muriates 
of copper, as appears from the following statement. 


muriate 24.57 oxygen. 


The green {is copper. 
consists of | 83.18 acid. 


: . 100 copper. 
petal 12.28 oxygen. 
. 41.59 acid. 


The same law appears, also, from the experiments of Sir 
H. Luvy, to hold good with respect to the oxides of potas. 
sium and sodium. ‘Lo this principle, an important addition 
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has lately been proposed by Gay Lussac *, and supported by 
a variety of illustrations; viz. chat the quantity of acid, which 
different metals require for saturation, is in direct proportion 
to the quantity of oxygen in their oxides. Let us suppose, 
for example, that of any two metals, A combines with twice 
as much oxygen as B; then, a given weight of the oxide 
of A will neutralize twice as eet acid as an equal weight 
of the oxide of B. 

- The solubility of the metallic salts, it a been observed 
to Gay Lussac, bears a’ proportion to the quantity of oxy- 
gen in the oxides; and consequently to the quantity of acid, 
with which that oxide is combined. Salts, in which : the 
metal is at the minimum of oxidation, are generally those 
which are most insoluble. This is the fact with respect to 
the salts of lead, silver, and mercury ; for these are metals 
which, at the minimum of oxidizement, take very little oxy- 
gen, and consequently very little acid. Corrosive muriate 
of mercury, also, which contains the largest proportion of 
oxygen and acid, is much more soluble than the submuriate, 
in which both the oxygen and acid are puvient in consider- 
able less quantity. 

An important law has been deduced by sittin Feoste 
the comparision of a great number of facts; viz. that; in. all 
neutral salts, the oxygen of the acid is a multiplication of 
that of the base by some entire number. The law, he ap- 
prehends, may be expressed more generally in the following 
terms. When two oxidated substances enter into a neutral 
combination, the oxygen of that which, in a galvanic circle, 
would be attracted to the positive pole, is a multiplication, by 
an entire number, of the oxygen of that, which would be depo- 
sited at the negative-pole. For example, 279 parts of pro- 
toxide of lead contain 19.95 parts of oxygen, and saturate 
100 parts of sulphuric acid, which contain 59.85 parts of 
oxygen. - Now the oxygen of the oxide 19.95 x 3 = 59.85, 


i Mémoires d’Arcueil, ii. 159, or 37 Phil. Mag. 200. 
+ 79 Ann, de Ghim. 127. 


” 


CHAP. XIX. | REVIVAL OF OXIDES. . os 


which is precisely the oxygen of the acid. The same coin- 
cidence holds good in a variety of other instances. 

There is a certain state of oxidation, peculiar to the dif- 
ferent metals, in which they are most readily acted upon by 
the several acids. Tron and manganese, for example, at the 
maximum of oxidizement, are altogether insoluble in nitric 
acid; but readily dissolve in it, when combined with a smaller 
proportion of oxygen. Even when once brought into com- 
bination with that acid, the oxide, by attracting a farther 
quantity of oxygen, from the atmosphere or from any other 
source, is separated in the state of an insoluble precipitate. 
This principle explains the change, which is produced in 
solutions of iron, by keeping them exposed to air, The ox- 
ides of iron and manganese, saturated with oxygen, are so- 
luble, however, in the less oxygenated acids; for example, 
in the sulphurous or nitrous, which first deprive the oxide 
of part of its oxygen, and then dissolve the less saturated 
oxide. : . Lisi * 
Beside the class of acids, which are the best solvents of 

the metals, alkaline solutions act upon metallic substances. 
The water, which holds the alkali in solution, is decom- 
posed; its hydrogen is disengaged, and its oxygen transferred 
to the metal; and the oxide, thus produced, is taken up by 
the alkaline liquor. ‘The oxides ready formed, are also, in 
several cases, dissolved by liquid alkalis. When a pure 
alkali is added to a metallic solution, the metal is precipitated 
in the state of an oxide; but the precipitate is seldom quite 
free from alkali, and the metallic oxide, in a few instances, 
instead of appearing in a separate form, is dissolved by the 
alkali. When alkaline carbonates are employed instead of 
pure alkalis, for the precipitation of metallic solutions, the 
oxide combines with carbonic acid, and appears in the state 
of a metallic carbonate. 

The compounds of ammonia with metallic oxides are of 
more importance than those of the other alkalis, and have 
obtained the generic name of Ammoniurets. They may 
be formed, either by acting on the metals with liquid am- 

“monia, the water in which is decomposed, and furnishes a 
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metallic oxide, which unites with the alkali. Or they may 
be produced, by exposing the oxides to ammoniacal gas, at 
the temperature of the atmosphere. At least fifteen oxides, 
or rather hydrated oxides, may be brought into eombina-+ 
tion with ammonia, viz. oxide of zinc ; deutoxide of arsenic ; 
both the oxides of copper; oxide of silver; tritoxide and 
tetroxide of antimony; oxide of tellurium; protoxides of 
nickel, cobalt, and iron; peroxide of tin; deutoxide of mer 
cury; and deutoxides of gold and platina. 

The ammoniurets are dédobndésed by a strong heat; the 
oxygen of the oxide uniting with the hydrogen of the alkali, 
and the azote of the latter being set free. In some cases, as 
in that of ammoniuret of gold, “this decomposition is attend- 
ed with a loud explosion. 

The oxides, existing in metallic solutions, are decomposed 
by inflammable substances. Light only is sufficient for the 
decomposition of some of them. Hydrogen gas, charcoal, 
sulphur, phosphorus, and the compounds of hydrogen with 
the three last bodies, when brought into contact with the 
solutions of perfect metals at common temperatures, attract 
the oxygen from the metal, and occasion its appearance ina 
metallic form. In ‘this way, several beautiful appearances 
may be produced, which will be described in treating of the 
individual metals. 

The oxides themselves are echeh poe when iepieoma to 
a strong heat in contact with hydrogen, charcoal, or phos- 
phorus. ‘The two first, or substances containing them, are. 
chiefly employed for the decomposition of those oxides, 
which occur as natural productions. The oxide, mixed 
with a portion of inflammable matter, is exposed to an in- 
tense heat; and, in order to obtain it in a coherent mass, 
and not in the small grains which would otherwise be 
formed, some substance is generally added, which is capable 
a being melted, and of allowing the metal to subside through — 

~ Substances of this kind are yealiée Jiuxes, and the process 
is aide the revival or reduction of the metal. 

If only one oxide had existed ofeach metal, it would have 
been easy, by applying the general ais. 6 of chemical ° 
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nomenclature, to have distinguished them by names suffici+ 

ently expressive of their composition. But as the metals 

are susceptible of several stages of oxidizement, it is difficult. 
‘to fiud terms, which sufficiently express the characteristic 

distinctions of several oxides of the same metal. ‘The ex-' 
istence of only two oxides would have greatly simplified their 
nomenclature; for, in this case, we might have applied the 
term oxide to the metal fully saturated with oxygen, and of 
oxidule to the compound at an inferior stage of oxidizement, 
as has been done by several of the French chemists. In the 
present state of the science, however, this nomenclature ‘is 
inadmissible; and the specific name has been derived from 
some external character, chiefly from that of colour. Thus 
we have the black and red oxides of iron; and the 
black and red oxides of mercury. In some instances, the 
denominations, which have been proposed by Dr. Thomson _ 
for the metallic oxides, may be advantageously adopted. 

When there are several oxides of the same metal (supposing 
that the proportions of oxygen and metal in each are defi- 

nite) he has proposed the terms protoxide, deutoxide, tritox~ 

ide, &c.. signifying that the metal is in its first, second, or 
third stage of oxidizement. Or if two oxides only of any 

metal are known, he suggests the appellation of protoxide for. 
that at the minimum, and of bebe: for that at the maxi- 

mum of oxidation. 

A similar difficulty has been decahettnnicadl alsdl with re- 
spect. to the neutral salts with metallic bases; for when dif- 
ferent oxides of the same metal combine with a given acid, 
the resulting salts require to be distinguished by appropriate 
names. This has sometimes been done by prefixing the 
word oxygenized (or for brevity oxy-) to the salt containing 
the most highly oxidized metal; as the muriate and oxy- 
muriate of mercury. ‘Lhe latter term, however, is impro- 
per; because, in strictness, it can only be applied to the 
compounds of oxy-muriatic acid with different bases ; whereas 
what is meant to be expressed is merely a compound of or- 
dinary muriatic acid, with mercury in its highest state of oxi- 
dizement. Ifthe principle, assumed by Gay Lussac, should. 
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be confirmed by farther investigation (viz. that the aicd in © 
metallic salts is proportional to the oxygen in the oxides), it 
will be more easy to derive a specific name from the propor- 
tion of acid than from that of oxygen. ‘T’hus we shall have» 
the muriate and submuriate of mercury. But till greater. 
precision is acquired in our knowledge of this class of bodies, — 
it may be well to continue to derive the specific name of the - 
salt from some obvious quality; as the green and red sul=- 
phates of iron, the white and green muriates of copper, &c. 


The following Table exhibits, at one view, the compo- 
sition of most of the metallic oxides. 


Table shewing the Proportions of Oxygen with which the 
Metals combine. 


- 


100 of 
No. of Colour of ~ ; 
Metals. Oxites S| hikiegte Mee take} Authority. 
xygen, ne 
Gold 1 Brownish black} 10.01 Oberkampf.’ 
Platina 1 Black ~ 8.287 ; 
2. -" 16.38 i apnea 
Palladium 14.209 Ditto. 
Rhodium ' 
‘ _ Ditto. 
Iridium l Blue , 
9 Red Fenuane: ae 
Silver 1 Olive Berzelius, 
Mercury 1 Black 
9 Red rip hab 
Copper 1 Red Proust and. 
2 Black Berzelius. 
; . ————S ee 
Iron 1 Black . rr 
9 Red Berzelius. 
Tin l | Gre A. ) 
9 Whie i] Gay Lussac. 
Lead ay | Yellow 
Be Red 
bis J Puce 


” 
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. ; | 109 of - | 
| No. of Colour of “4 
- Metals. : & Metal take} Authority: 
mits Oxides. Oxides. | Oxygen. 
Nickel E Ash grey ie Topputi. 
2 Black» unknown | Thenard, 
i Zine L White _ 24,41 Gay Lussac, 
~ Bismuth 1 Yellow 11.28 Lagerhielm, 
Antimony 1 Pull white | 18.60 : 
oar, 2(acid)| Snow white 27.90 Berzelius, 
3 (acid) Yellow 37.20 )- 
ASS Ras TA oo 3 Awe SEE 
. Arsenic L (acid) White 84.93 
| Q(acid)| Ditto 52.4 ride ay Saar 
Cobalt 1 Blue 19.8 ’ 
i 2 Black 33.25 } Broustiy 
Manganese 1 Green 14.05 Dr. John. 
2 28.10 
‘ 3 ie 42.16 Berzelius. 
4 Black 56.21 
Molybdena . 1 Blue 3A, | 
by 2 (acid) White 50. } beim reise 
Tellurium i Yellowish 20,5 Klaproth. 
Tungsten 1 Black. coche 
Q(acid)| Yellow 25 } Bucholz. 
‘Uranium 1 Black | a 
2 Yellow 25. bine 
Titanium 1 Blue ae 
2 Red os . Wauquelin. 
3 White AA 
Tantaluna — White ° 
a= ——s eee | —— Sas ee 
Cerium White ee | Hlissinger, 


- Many of the metallic oxides have an attraction for water, 


which they manifest. by being soluble in it, or by reducing 
it to a solid or gelatinous form. The soluble oxides are 
potash, soda, barytes, strontites, and lime; the deutoxide 
of arsenic, and the oxide of osmium. There are a few 


others, which are soluble in a very small degree, not ex- 


the weight of the water, viz. 


ceeding one thousandth of 
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“oxide of molybdena,, deutoxide of mercury; tritoxide and 
tetroxide of antimony. yo ae 
The compounds of oxides and water, in which the latter 
exists in a condensed state, are termed HYDRATES, or 
HypRo-oxipEes. The hydrates of potash, soda, and ba- 
rytes retain the water which constitutes them such, at the 
temperature of -ignition, and it can only, indeed, be ex- 
pelled by bodies that have a stronger affinity for the alkali 
or earth. The hydrates of the remaining earths are de- 
composed by the heat of ignition. ‘The hydrated oxides of 
the common metals are obtained, by adding a solution of 
pure potash, soda, or ammonia, to the solution of the oxide 
in sulphuric, muriatic, or nitric ‘acid. The precipitate, - 
washed repeatedly with water, is to be collected on a filtre; 
and, if dried, the heat employed must be as gentle as possi- 
ble; for -a slight elevation of temperature is sufficient to ex- 
pel the whole water, and to leave only an oxide. 7 
The hydrated oxides are, for the most part, much more 
soluble in acid than the oxides. According to Berzelius, 
they are definite compounds, in such proportions, that the 
oxygen of the water is equal in weight to that of the oxide. 
This principle requires, however, to be established by a 
‘greater number of facts. ! 
Beside the important class of compounds, which result 
from the union of metals with oxygen, the metals are capa- 
ble, also, of entering into combination with hydrogen, sul- 
phur, chlorine, phosphorus, and charcoal. ‘They afford, 
also, by uniting with each other, an interesting class of com- 
pounds called metallic alloys, 
J. Tus coMpouNDs OF METALS WITH HYDROGEN are nei- 
ther numerous nor of much importance. When water is 
decomposed by certain metals, at the same time that the 
oxygen combines with one portion, the hydrogen, which is 
disengaged in the state of gas, takes up a minute quantity of 
metal. ‘This is the case, in a small degree, with iron; still 
more with zinc; and most remarkably with arsenic and tel- 
lurium, both of which afford compounds, having several re- 
markable properties. 


© 
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II. THE coMBINATIONS OF METALLIC BODIES WITH SUL- 
puurR have been divided by Vauquelin * into three classes, 
viz. 1st, the compounds of metals with sulphur, which alone 
are with propriety called sudphurets ; 2dly, the compounds 
of sulphur with metallic oxides, termed. sulphuretied oxides ; 
and S3dly, those of sulphuretted hydrogen with metallic 
oxides, which may be called hydro-sulphuretted oxides. 

1. All the metals, with the exception of gold, zinc, and 
tin, are, in their metallic state, susceptible of combination 
with sulphur. In order to effect their union, it is sufficient 
that one of the bodies be brought.into a fluid state; and as 
sulphur is readily fusible, a very moderate heat only is re- 
quired for the purpose. ‘Thus a mixture of 45 parts of iron 
‘filings with 15 of sulphur, or of 40 parts of copper filings 
with 15 of sulphur, when heated in a glass tube, ain 
the moment the fusion of the sulphur is accomplished. The 
phenomena are very remarkable, consisting in a sudden and 
bright glow, like that of intense ignition. During combi- 
nation, however dry the materials may have been, it appears 
from the experients of Mr. Clayfield + that a quantity of 
_ elastic fluid is liberated, amounting to nine or ten times the 
bulk of the mixture, and consisting of sulphuretted hydro- 
gen and sulphurous acid. ‘Vhe former, probably, arises from 
the sulphur, and the latter from the metallic filings, which 
may have been partially oxidized by the process of washing 
and drying. 

In these compounds, the properties of the metals cease to 
be apparent; for the sulphurets are brittle; have colours dif 
ferent from those of the metals; and, when artificially formed, 
are destitute of lustre. The quantity of sulphur, with which 
different metals are capable of uniting, varies with each 
metal. ‘The same metal, also; in some instances, is suscep- 
tible of combination with different quantities of sulphur, and 
of affording compounds, characterized by a distinct train of 
properties, Thus the compound of 100 parts of iron with 


* Annales de Chimie, XXXViiL. i 


+ Not to Mr. RA $ paper on alkalis. (Philosophical Transactions, 
1808 
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584 of sulphur is ‘brittle and of a dark grey colour ; has 
little or no lustre; and is attracted by the magnet. But 100 
parts of iron with 117 of sulphur form a yellow compact 
compound; of sufficient hardness to strike fire with steel ; 
and having so much lustre, as to have been often mistaken 
by the ignorant for gold. When different sulphurets of the 
same subd exist, the sulphur, in those which contain the 
larger proportion, is an exact simple multiple of the sib wd 
in those which contain the less. | 

The following Table exhibits me pr SP of several 
iti the metallic sulphurets: : 


100 Parts of — Unite with Sulplar. Authority. 


Goldty. og acy wel er ea . .Berzelius. 
Platina ..1st.. j 

. Aah «Se bl bande 
Palladium......... 


Silver s.viurg. 


Titec sve ele 
Lieadsins sy eu saline oe 
Nickel....1st. 

3 seal 
Zinc. 0 ec RUE I RNa a a RARE gE lace ged 
Bismuth «seg hp eun > 4 earoe .+e....Lagerhjelm. 
Antimony ee Spee es 87.25 | iP OF eal | 
Arsenic‘. .1st. /. 33.3 

kpc oan ee . 
Cobalt PY amet tee ‘care eneuals eae. 
Molybdenum . Pia eer 67. 


Metallic sulphurets can only Be partially aeuliiauie By 
heat; and though this assertion appears to be contradicted 
by the effect of roasting these compounds ; yet it is to be 
considered that the metals, when heated with the contact of 
air, absorb oxygen, and thus lose their affinity for sulphur. 
The sulpburet of one metal may, in many instances, be de~ 
composed by another metal, Thus when sulphuret of mer~ 


a” 
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_cury is distilled with.a proper proportion of iron filings, the 
sulphur passes to the iron, and the mercury comes over ina 
metallic.state. | N 

Concentrated éulphinnic bar * with the assistance oué heat, 
acts upon metallic sulphurets, and is converted into sulphu- 
.rous.acid, which, being volatile, escapes... Metals which, in 
their separate state, were dissolved by dilute sulphuric acid, 
_ continue sensible to its action, after being combined with 
sulphur. When dilute sulphuric acid, however, acts on such 
compounds, instead of hydrogen gas simply, we obtain sul- 
phuretted hydrogen. It is chiefly the compounds with’ the 
minimum of sulphur, that produce this effect; for the super- 
sulphurets, or those containing a farther proportion of sul- 
phur, resist the action of this solvent. 

Concentrated muriatic acid has no effect on sulphurets ; 
but the diluted acid acts like the diluted sulphuric. Nitric 
acid is decomposed by the metallic sulphurets; nitrous gas is 
disengaged; and sulphur is precipitated+. In this case, 
though all nitric acid contains water, yet sulphuretted hy- 
‘drogen is not formed, because the er yields its oxygen 
more easily than water. 

Sulphurets, composed of metals, which powerfully attract 
oxygen, and the oxides of which have moreover an affinity 
for sulphuric acid, absorb oxygen from the atmosphere, and 
pass to the state of sulphates. Inthis way most of the sul- 
phate of iron is formed, which occurs in commerce. But if 
the metal has either a strong affinity for sulphur, or a weak 
one for oxygen, then the conversion into a sulphate does not 
happen, as in the sulphurets of copper, antimony, and mer- 
cury{. The sulphuret of iron containing a full propor- 
tion of sulphur resists, also, the conjoined action of air and 
. Moisture. 

2. In general, the metals have a»stronger affinity eh 
_ their oxides for sulphur.. But there area iy cases, in which 
certain metals are incapable of combining with sulphur, till 


: 


' * Berthollet, Annales de Chimie, xxv. 256. 
- Vanquelin, loc..cit.65, J _Berthollot, loc, cit. 256. 
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they are brought into the state of oxides. These are chiefly 
zine, mercury, and manganese, the compounds of which 
with sulphur may be called sulphuretted oxides... Other 
metals, also, are capable of affording similar compounds; 
bat in general their affinity for sulphur diminishes, in pro- 
portion to the Anenuay of oxygen which they hold in com- 
bination." 

These compounds act on acids, niaaicadtink differently from 
the mere sulphurets.. If the metal be only oxidized at its 
minimum, they yield sulphuretted hydrogen with diluted 
muriatic and sulphuric acids, and nitrous gas with nitric 
acid. But in their perfectly oxidized state, they dissolve 
. without effervescence, and the sulphur remains unaltered. 

3. Sulphuretted hydrogen enters into combination with a 
few of the metals, with mercury and silver for example; but 
it unites, in general, more readily and permanently with 
their oxides. From such compounds, the sulphuretted hy- 
drogen is detached in a gaseous state by some concentrated 
‘acids, which seize the metallic oxide. Most of the sulphu- 
retted oxides, also, undergo, in process of time, spontaneous 
decomposition, in consequence of the union of the hydrogen 
and oxygen which they contain, and which, by combina- 
tion, form water. When this happens, the oxide is partly 
reduced, and the sulphur unites with the deoxidized metal, 
Hence’ the same sulphuretted oxide varies in composition, 
-according to the period which has elapsed since its prepa- 
/yation.. 

When we precipitate a metallic solution by pubstuirested 
, hydi ogen alone, or by its compounds with alkalis, we obtain 
either a metallic sulphuret or a hydro-sulphuret, In ‘the 
first case, the hydrogen of the sulphuretted hydrogen takes 
all the oxygen of the oxide; and the sulphur forms a true. 
sulphuret with the reduced metal. In the second case, the 
sulphuretted hydrogen unites directly with the oxide, with- 
out decomposing it, and its proportion is such that the hy- 
drogen is sufficient to saturate all the oxygen of the oxide. 
The quantity of hydrogen, then, which is destroyed, or may - 
be destroyed, depends on the state of oxidizement of the 


s 
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metal,‘and so also does the quantity of sulphur. Now if 
metals; as appears probable, are susceptible of oxidation in 
only a'few determinate degrees, it follows that by precipita- 
tions of this kind, we may obtain metallic sulphurets with 
fixed proportions, which may be easily calculated from the 
known quantity of oxygen in the oxide, and the known com- 
position of sulphuretted hydrogen *. ‘Thus the law of fixed 
proportions will be extended to the compounds of metals 
with sulphur; and another step will be made, towards esta~ 
blishing the important general principle in chemical philo- 
sophy, which has been so ably illustrated, in other cases, by 
Mr. Dalton. 

4. Hydroguretted annie of metals and their oxides 
may be Soenkned by precipitating metallic solutions with the 
hydroguretted sulphurets of alkalis. In sulphuretted oxides, 
it has been observed by Berzelius +, the oxygen of the oxide 
is to the hydrogen of the sulphuretted hydrogen, precisely in 
the proportion necessary to constitute water. The oxides of 
all metals, he adds, which have for oxygen a greater affinity 
than hydrogen has, may unite with sulphuretted hydrogen. 
| In the compounds, thus produced, the metal, sulphur, hy- 
drogen, and oxygen exist in such proportions, that the oxy- 
gen is precisely sufficient to change the sulphur into acid, 
- the metal into protoxide, and the hydrogen into water. But 
if the affinity of the metal for oxygen be inferior to that of 
hydrogen, the oxide is then reduced, and water and a sul- 
phuret are generated. Thus the alkalis, the earths, and 
protoxides of zinc and manganese, afford, with sulphuretted 
hydrogen, saline combinations; but the oxides of lead and 
copper are decomposed by it. 

It had been generally supposed that metals, which have a 
great affinity for oxygen, and which decompose water (as 
maviganese, iron, zinc, uranium, nickel, cobalt, &c.) are not 
precipitated from their solutions by sulphuretted hydrogen, 
except with the concurrence of double affinities. Gay Lus- 


) * Gay Lussac, Mémoires d’Arcueil, 11. 175. 
+°79 Ann, Chim, 129, 
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sac, however, has shewn* that the compounds of these 
metals with the weaker acids (as the acetic; tartaric, and 
oxalic) are decomposed by sulphuretted hydrogen,-and pro- 
duce hydo-sulphurets of the respective metals. When a still 
-weaker solvent of the metal is employed, the decomposition i is 
more easily effected. ‘Thus the ammoniurets of iron, nickel, 
&c. are entirely decomposed by that gas; and this furnishes 
an excellent process for obtaining pure hydrosulphurets; for 
the alkaline hydrosulphurets, commonly employed for this 
urpose, are almost always contaminated with sulphur. 
Those metals, which are not precipitable by sulphuretted 
hydrogen, become so when acetate of potash is added to 
their solutions. 
III. All the metals are susceptible of combination with 
_ CHLORINE or OXYMURIATIC AcID. When exposed to. the 
gas in a state of minute division, produced either by filing 
or beating them into leaves, they combine with it, for the most 
part, with the appearance of combustion. But silver, lead, 
nickel, cobalt, and gold unite with chlorine, without the 
extrication of heat and light. 
The results of these combinations are differently explained 
in the’old and the new theory. According to the former, 
the metal attracts oxygen from oxymuriatic acid gas; and 
the oxide unites with the muriatic acid. According to the 
new theory, the metal unites directly with chlorine; and the 
combustion is produced merely by the intensity of chemical 
action. Consistently with the former view, the products of 
the combustion should be called muriates. Confor mably 
with the latter, we may either, with Sir H. Davy, designate 
them by terminating the Latin name of the metal in ane or 
anea; or we may give them the appellation, chlorides or,” 
as Gay Lussac has proposed, that of chlorures or chlorurets. 
From the greater number of metallic oxides, chlorine expels 
the whole of the oxygen and takes its place; and when mu- 
riatic acid gas is made toact upon them water appears, and 
compounds are obtained, resembling those formed by the 
direct union of the métals with chlorine. 


— * 30 An, Ch, 205, - 
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» Chlorine combines with the metals in different propor- 
tions, which are expressed in the following Table of the re- 
sult of ei carefully made by Dr. John Davy: : 

ng 


Metals, | Grains. i einen 
Copper......60. + $2.77..Chlorine = Cuprane. 

67. .+ 67.20..Ditto = Cupranea, 
Tin........55, + 33.40..Ditto = Stannane. 
, + 67.00..Ditto = Stannanea. 
Tron.. ....,.29.5 + 33.60..Ditto = Ferrane. 

we | + 55.50..Ditto = Ferranea. 
Manganese ,.28.4 + 33.60..Ditto = Manganesane, 
Lead.......97.2 + 33,80..Ditto = Plumbane, 
ZADB einins iain 0s 34.5 + 34.40..Ditto = Zincane. 
Arsenic. ...,.21.9 + $3.6 ...Ditto = Arsenicane. 
Ure ..42.5 + 34.60..Ditto = Antimonane. 
chalet ..67.5 + 34.20,.Ditto = Bismuthane. . 


IV. Iop1ne when heated with the hint heen es with 

-allof them, and forms a class of compounds called, by Sir 
H. Davy, topes, and by Gay Lussac, 1opuREs or 1oDU- 
RETs, ‘They are all insoluble, and when placed in contact 
with water decompose it; hydriodic acid. and an oxide of the 
metal are formed ; and these last, en, egrioeny compose 
a hydriodate, 

Y. Several metals have an aifiaita for satin US, . and 
form a class of compounds called METALLIC PHOSPHURETS. 
The best method of effecting this combination is to expose 
‘the metals to heat, in contact with phosphoric acid and 
charcoal.. The charcoal deprives the phosphorus of oxy- 
gen; and the de-oxygenized phosphorus unites with the 
metal. «Metals, however, that have a strong affinity for oxy- 
gen, decompose the phosphoric acid, and unite with its base, 
without the intervention of charcoal. The metallic. phos- 
sphurets have not hitherto been applied to any useful pur- 
pose; and it is sufficient, therefore, to refer to the descrip- 
tion of them by Pelletier, in the first and thirteenth volumes 
of the Annales de Chimie. 

VI. The compounds of metals with carbon are called 
CARBURETS. That of iron and carbon, the properties of 
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which vary according to the proportion of the two ingre- 
dients, is the only one of importance. It will be oe 
in its proper place. 

VII. The metals are, for the most par " capable of nib 
with each other. For this purpose, they require to be 
brought into a state of fusion ; and, even when melted, con- 
siderable care is necessary to form a permanent compound, 
Ifone metal is considerably heavier than the other, it is apt 
to sink to the bottom of the fluid mass, Nothing can show 
this in a more striking manner, than a fact which has been 
stated by Mr. Hatchett. He found that when gold, which 
has been melted with a-proportion of copper or other me- 
tals, is cast into bars, the moulds for which are placed verti- 

cally, the lower part of the bar contains more gold in ey 
portion than the upper part. 

There.are a few of the metals that db nat unite by being 
fused together. This is the case with lead and iron; but 
even In wa cases we are scarcely, perhaps, entitled to deny 
all affinity; for some of the metals, which were former ly 
thought incapable of combination, have been made to com- 
bine by circuitous processes. This is the fact with’ respect 
to iron and mercury * 

- In the new nomenclature, the word auoy is retained asa 
_ general term for all combinations of metals with each other; 
and the specific name is derived from that of the metal, 
which prevails in the compound. ‘Thus in the alloy of gold 
with silver, the gold is to be understood as being in greatest 
proportion ; in the qlloy of silver with gold, the silver is the. 
principal ingredient. The compounds of mercury with 
other meine at a very early period of chemistry, were called 
AMALGAMS, and as the name does not lead to any erroneous 
notions, it may still be retained to denote this sort of alloys. 

The metals in general are capable of uniting with each 
other in unlimited proportions ; but in a few instances, it ap- 
pears probable, though it is not absolutely proved, that they 

unite In certain pr oportions only. 


im * Aikin, im Philosophical Magazine. 
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- This proposition has been ably maintained by Berzelius, 
as well as by Dalton. Potassium, the former observes, ¢ gives 
with mercury two crystallized compounds, one of which con- 
tains twice as much potassium as the other. The arbor Diane 
isia definite Pe ound of silver and mercury. When zinc 
and copper are distilled tugether, a certain quantity of zinc 
comes over, but the rest cannot be raised by heat. Froma 
fused mixture of antimony, iron, and copper with much tin, 
metallic crystals separate on cooling, containing definitive 
proportions of the component metals. Whenever, indeed, 
the new compound has an opportunity of separating from 
the fused mass, it appears to be formed in established pro- 
portions. 

By combination, the metals undergo a considerable change | 

of properties, and acquire new ones, not observable in the 
separate metals. 

1. The specific gravity of an alloy is seldom the mean of 
those of its component parts. ‘Thus an alloy of silver with 
copper or tin, or one of silver or gold with lead, has a greater 
than the mean specific gravity. An alloy, also, of silver 
with mercury, though the former metal is specifically lighter 
than the latter, possesses so much acquired density as to 
sink in quicksilver. In other cases, on the contrary, the 
specific gravity of the compound falls short of the mean of 
that of its components, or there appears to. be a degree of 
dilatation, as in the alloys of gold with copper, iron, or tin. 
To estimate exactly, however, either the increase or diminu- 
tion of density, she Sob an attention to several circum- 
stances *, 

_ 2. The ductility and ranlTesBllity of metals is generally 
changed by combination; and, for the most part, tate qua- 
lities are impaired. Even two metals,.which separately are 
both malleable and ductile, are rendered.brittle by combi- 
nation. This is very remarkably the case with an alloy of 
gold and lead, the latter of which, even in the trivial pro» 
portion of half a grain to an ounce of gold, renders the alloy 


+ See Aikin’s Dictionary, article Alloy, 
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quite destitute of tenacity. In such cases, it has been sup- 
posed that a true chemical union does not take place, and» 
that the newly added metal is merely mechanically inter-" 
posed between the particles of the other, the cohesion of: 
which it thus impairs. This explanation, however, can 
scarcely be admitted as satisfactory; and, among other ar-. 
guments in proof of the existence of chemical union, it 
may be remarked, that gold is rendered brittle by being 
kept in fusion in the vicinity of melted tin, the se ais ” | 
which it-seems capable of attracting. gs 

3. The hardness of metals is varied by: conibination’s 
Gold, by combination with a small quantity of copper, and 
silver by a minute proportion of the same metal, acquire 
such an increase of hardness that these additions are always 
made to gold or silver which is to be exposed to wear. By» 
a small addition of gold, iron is said to gain so much hard-’ 
ness, as to be even superior to ae for the fabrication vo | 
ui nes instruments. | 

4, Change of colour is a common effect of the eniohinwes 
tion of metals. Arsenic, for example, which resembles'steel, 
and copper which has a red colour, afford a Eee th see 
has nearly the whiteness of silver. ; 

5. The fusibility of compound metals. is ears from: 
what might have been inferred from that of their compo-: 
nents. Platina, for example, is rendered easily fusible: by: 
arsenic, and a compound of lead, tin, and bismuth melts at © 
a temperature below that of boiling water, though the most » 
fusible of the three (bismuth) requires for fusion a much / 
higher degree of heat. This is the principle of solders. 

6. Metals have their volatility increased by being com- 
bined with other metals, which are more volatile than them-" 
selves. Gold, separately, requires an intense heat for its. 
volatilization ; but when an amalgam of gold with mercury | 
is distilled, a quantity of gold passes over with the s ssivi 
silver. 

7. By chemical union with each ies the rhabile iil 
their tendency to combine with oxygen considerably in-. 
creased, partly in consequence of the diminution of their. 
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cohesion, but partly, also, perhaps, in consequence of their 
forming a galvanic combination. Lead, when amalgamated 
with mercury, is oxidized by merely sift the compound 
with water. Lead and tin, melted together, acquire such an 
increase of affinity for oxygen, that, at the moment of com- 
bination, they actually inflame. By the oxidation of either 
ingredient in any of these alloys, the compound is destroyed. 
The oxide of lead, for example, separates from mercury in 
the form of a-black powder. Hence, also, a pellicle ofoxide 
is generally observed on the surface of melted solders, which 
is renewed as soon as it is removed. 


‘From a comparison of the resemblances among metals, 
both as to physical and chemical properties, several arrange- 
ments of them have been formed into smaller classes. Be- 
sides the subdivisions, which have been already mentioned, 
into noble and base metals, and into entire metals and semi- 
metals, other classifications have been contrived. - Foureroy 
has proposed to divide them into five orders. 1. The brittle 
and acidifiable includes four species, viz. arsenic, tungsten, 
molybdena, and chrome. 2. The brittle and simply oxidiz- 
able are seven (nickel having been transferred by Richter to 
a different class), viz. titanium, uranium, cobalt, manganese, 
bismuth, antimony, and tellurium. 3. The metals, that 
are oxidizalle and imperfectly ductile, are mercury and zinc. 
4. The ductile and easily oxidizable are tin, lead, iron, and 
copper. 5. The very ductile and difficult ah oxidixement are 
silver, gold, palladium, and platina. 

A better arrangement, however, appears to me to be 
that which has been proposed by Dr. Thomson, in the third 
edition of his System of Chemistry. He divides the metals 
into four classes. ‘The First cLass contprehends the mal- 
leable metals, which are fourteen in number, viz. gold, pla- 
tina, silver, mercury, palladium, rhodium, iridium, osmium, 
copper, iron, nickel, tin, lead, and zinc. The szconp cass 
includes the brittle and easily fused, viz. bismuth, antimony, 
tellurium, and arsenic. The THirp ciass, metals that are 


brittle and difficultly fused. "These are cobalt, manganese, 
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chrome, molybdena, uranium, and tungsten. The rourTH 
cLass are called refractory metals ; because they have never 
yet been exhibited in a perfectly metallic form, but always 
in combination with more or less oxygen. ‘These are tita- 
nium, columbium, and cerium *. In this order, I shall now 
Rrecerd. to describe the individual metals. _ 


FIRST CLASS. 


MALLEABLE METALS. 


| ea I. 


Gold, 


To obtain gold i in a state of purity, one part by weight 
may be dissolved in three of nitro-muriatic acid (composed. 
of one part by weight nitric, and two muriatic acids). To 
the clear liquid, a solution of green sulphate of iron must be 
added. The gold will be precipitated in the state of a fine 
powder, and, after being washed first with diluted muriatic 
acid, and then with distilled water, may be either preserved 
for solution in powder, or fused into a mass. 

{. The external qualities of gold are the following : 

1. It has an orange or reddish yellow colour; and may 
be brought to assume a degree of lustre inferior only to 
ih of steel, platina, silver, and mercury. 

. Its specific gravity varies a little according to the 
sietbinsca processes which it has undergone; but it may 
be stated, on the average, at 19.3. 

3. It exceeds all other metals in ductility and mallea- 
bility, and may be beaten into leaves escoooth of an inch 
in thickness. 


* Tantalum has lately been shown by Dr. Wollaston to be iden- 
tical with columbium. . 


skct. f° - “gétp!* A. 


4 Tt'is ‘considerably (éridbiohs fora Wite only’ To sths of 
an inch diameter will sustai'& weight of 150lbs. 8 

Il. Gold may be melted by a moderate red-heat’' vik. at 
about 32° of Wedgviood’s pytometer; or '1800° Fahrenheit. 

The intense beat’ of 4” glass“house furnace has’ ho other 
effect than to ‘keep it in fusion.” “And eyen exposure ‘to 
Mr. Parker’s powerful burning lens, for séveral ‘hours, Oc- 
casioned no'loss’ of weight: © After fusion, it ‘crystallizes 1 in 
ie quadrilateral pyramids. ” b. 

art aE Pure gold i is not’ ‘oxydized by éxpostire td heat with 
the access 6f air’; but it 'may be brought to thé state of a 
purple’ oxide by! transmitting, ‘through gold leaf’ ‘or wire, 
either’a powerful electrical’ or Bal valiic discharge.’ ew Boree 

IV. Sulphuric, nitric, and muriatic acids’ have’ separately 
ho évideiit”‘action’ on gold ; ‘but the last ineritioned, Proust 
has obsérved, by: long boiling’ with finely divided gold, dis- 
solves @ sini portion?! Blog sq mu 
too The! proper Solvents ' nett gold are the’ oxy-thuriatic 
and nifro-mufiatic ° “acids. “Oberkampf 7 prefers’ the’ for- 
‘mer, because a’ purer solintion 48° obtained, ‘and: oné which 
‘can more easily be had free from an excess of acid. Gold leaf, 
introduced ‘into ‘ehlorine bas, takés fire and buing. ' But if 
gold leaf ‘be’ ‘suspended | in’ water, into which chlorine | gas 
is passed, ‘it is dissolved, and the soliition’ nay’ be conceit 
trated by’ evaporation. eaves ult te saya 

To dissolve gold i in nitro-muriatic acid, ‘Vauquelin 4 res 
- -yerses the ‘usual proportions, and mixes two parts by weight 
of muriati¢ acid with ‘one’ of | nitric. | Three parts ‘of “an 
agua regia so composed, are’ ‘equivalerit) he ‘finds, to four 
mae with the common proportions. _ bie ofaahis: 

The soltition of gold ‘(in whatever way prepared) HY, an 
orange yellow colour; but this, Oberkampf asserts, is owing 
to an excess of acid, ‘and. it passes to'a “brownish red, as 
‘soon as ‘the redundant acid’ is. neutralized or ‘expelled’ by 
heat. The solution should, therefore, ‘be evapor ated to 

dryness, and eg my. nem eabggye being taken not to heat 


sob g0 "Aim, de! Chin. dhol? } 77 Ann. de Chita, $22.” 
YOL. Il, F 
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it too strongly) redissolved in water. The solution gives 
a purple stain to the skin, and is susceptible of crystal- 
lization. | 

Muriate of gold, peated by the solution Hf the metal 
either in oxy-muriatic or nitro-muriatic acid, i is decomposed 
by solutions of fixed alkalis, and yields a precipitate, which 
differs greatly i in colour, according to the circumstances of 
the experiment. If it has a salons colour and a styptic 
taste, itis a sub-muriate. To avoid this, it is necessary to 
use a considerable excess of alkali, and then the precipi- 
tate is of a brownish black colour. It is this, which Ober- 
kampf considers as the true oxide of gold. It should be 
dried with extreme care, for too much heat drives off a 
part of its oxygen. ° 

VI. This oxide is decomposed entirely by heat, without 
passing through any inferior stage of oxidation; oxygen 
gas comes over; and pure gold remains. _The mean of 
three experiments of Oberkampf shows, that 100. parts of 
gold combine with 10.01 oxygen; but Berzelius states the 
oxygen at 11.982. It is probable that this compound is the 
peroxide of gold, and that there is also a proloxide, with 
half as much oxygen ,as the former; but its existence has 
not yet been demonstrated, and at present we are ac- 
quainted with only one oxide of this metal. If no other can 
be proved to exist, the atom of gold must be estimated to 
weigh 75, for as 10 to 100, so is 7.5 to 75. 

VII. It is necesary to observe, that the entire decompo- 
sition of muriate of gold i is not effected by the alkalis, and 
that the liquor holds in solution a triple salt of gold, alkali 

apd muriatic acid. 

~VHI. A solution of pure ammonia separates from the 

| solution by nitro-muriatic acid an oxide of gold, and a 
portion of ammonia, uniting with the oxide, forms a com 
pound which detonates very loudly in a gentle hited and i is 
termed fulminating gold. 

- To obtain this compound, add a solution of ammonia in 
water, or the pure liquid ammonia, to diluted muriate of 


gold; a a precipitate, will appear, whieh will be redissolved. 
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if too much. sith be used, - ‘Let the aad be filtered, and 
wash the sediment, which remains on the filter, with. ps Hs 
portions of warm water. Dry it by exposure to the air, 
without any artificial heat, and preserve it in a bottle, 
closed, not with a glass-stopper, but merely by a cork, A 
small portion of this powder, less than a grain in weight, 
being placed on the point of a knife, and held over .a 
lamp, detonates violently. ‘The precise temperature, which 
is required, is not known, but it appears to exceed _ 250° 
Fahrenheit. At the moment of explosion, ; a transient flash 
is observed. ‘The principal force is exerted downwards ; . 
and hence two or three grains, ‘exploded on a pretty, strong 
sheet of copper, will force a hole through it. _Neither elec- 
tricity nor a spark from the flint and steel are sufficient: to 
occasion its detonation; but the slightest friction explodes 
2 and serious accidents have happened from this cause. 

* This detonation is explained as follows : -Fulminating 
gold i is composed of an oxide of that metal, combined with 
ammonia. When its temperature is raised, the ammonia 
is decomposed ; the hydrogen of the alkali unites with the 
oxygen of the oxide, and reduces the gold to a metallic 
state; and nitrogen gas, and pr ‘obably aqueous vapour, are 
liberated in a highly expanded state. The violent impulse 
of these aériform products, on the surrounding atmosphere, 
appears to be the cause of the loud noise that is occasioned 
by the explosion of this compound. A similar explanation 
may be applied to other fulminating compounds of metallic 
oxides with ammonia; such as those of silver and mercurys 

which will be described hereafter. 

Fixed alkalis throw down, from nitro-muriate of gold, 
the yellow oxide already alluded to. 

“1X. The solution of gold is also decomposed by certain 
combustible bodies, which attract the oxygen from the gold, 
atid restore it to a metallic state. (a) Into a dilute solution 
of muriate of gold, contained in a glass jar, put a long 
narrow slip of charcoal, and expose the whole to the direct 
light of the sun. The gold will be revived, and will. ap- 
pear on the charcoal in a metallic state, exhibiting a very 

¥ z. 
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beautiful appearance. The same change ensues without 
light, if the solution be exposed to a temperature of 212°. 
(4) Moisten a piece’ of white taffeta ribband, with the 
dilute solution of gold, and expose it to a current of hydro- 
en gas from iron filings, and dilute sulphuric acid. The 
gold will’ be reduced, and the ribband will be gilt with the 
metal. ‘By means of a camel’s' hair pencil, the gold may 
also be so applied as to out regular Suis when re- 
du ced. ry Oi | 
s<(6) ‘The same erjsetiitiene may be repeated, aibeeieatily 

Peat hydrogen for common hydrogen gas. The 
reader, who, wishes for a detail of various experiments of a 
similar kind, may consult an Essay on Combustion, by Mrs. 
Fulhame, published by Johnson, London, 1794, and also 
Count Rumford’s ; paper, in the Philosophical Ltt ie 
1798, page 449,00 ; 

. Ki Gold is: preaaisia eet muriatic acid, in a metallic 
form) by. a solution’ of green sulphate of iron. This de- 
pends on the affinity of the protoxide of iron for a further. 
quantity of oxygen, which it takes from the oxide of gold. 

XI. When a'sheet of tin is immersed in a solution of 

‘nitro-muriate of gold, the oxide of gold is precipitated of a 
purple colour ; and, when scraped off and collected, forms 
the purple powder of ‘Cassius, much employed: in enamel- 
ling. Or the metallic salt, largely diluted with water, may 
be put into’ a glass vessel with a few pieces of grain ‘tin. 
In a short’ time, the: liquor will become of the colour of red 
wine, anda very: light: flocculent precipitate will’ ‘begin to 
ee en leaving the liquor: clear. This; when - well 

washed and dried; has''a’ deep purple colour, and is the 
precipitate of Cassius. The ‘same precipitate is obtained 
by inixing a solution of gold Meg a aoe made solution 
of tin in muriatic acid. Lye 

- The composition and cole of ihe precipitates of. idl, 
ay muriate of tin’at the: minimum, have been shown, by 

‘Oberkampf, to' be very variable; “The: colour approaches 
more to a violet, as the salt of tinibears a larger proportion 
to that. of gold; and thercolour, ‘communicated*by the baad 

1 
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cipitate to porcelain, has the same variable character. When’ 
the muriate of gold is in excess, the precipitate has more. 
of a rose colour. A violet compound ‘was proved ‘on 
analysis to contain 60 per cent of oxide of tin, and 40 of 
metallic gold; and one of a fine purple consisted of 20% 
oxide of tin and 791 gold. | 

XIL Gold is precipitated from its solvent’ se ree but 
the oxide of gold is instantly re-dissolved by the ether, and 
forms the ethereal solution: of gold, This solution is ad= 
vantageously applied to the gilding of steel scissars, lancets, 
and other instruments, which. it sys pm from rust with a 
very small expenditure of gold. 

XII. When a current of sulphuretted eee F gas is 
passed through a solution of gold, a black precipitate falls 
down. This is a true sulphuret of gold, which gives up its 
sulphur on the application of heat. It is composed of — 


Gold. ...... 80.39......100 
Sulphur :...19.61.... 0» 24.39 
| 100. 124.39 


The sulphuret, thus prepared, is more uniform in its 
composition, than that which is precipitated by alkaline 
hydro-sulphurets ; for these contain a variable proportion 
of sulphur, which is thrown down along with the gold. — 

‘The ‘sulphuret of gold is soluble in hydro-sulphuret of 
potash. Liquid potash takes up a part, and leaves a yel~ 
_ low powder, which is metallic gold. ‘The alkaline hydro- 
sulphurets do not dissolve gold, however minutely divided, 
till sulphur is added, when probably a sulphuret of gold 
is formed, on which the Bena itt era is capable of 
acting. 

XIV. Gold may be combined with phosphorus, either 
by precipitating its solation with sulphuretted hydrogen, or, 
as Mr. E. Davy discovered, by heating finely divided gold 
with phosphorus in a tube deprived of air. Itshas a grey 
colour, tad a metallic lustre; is decomposed by the heat 
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of a spirit lamp; — contains ani v4 “re cent of ia 
phorus, 88S He 

XV. The mnathiade of pnityiny eblay by che mpenitioie 
éf: cupelling and quartation, would lead’ into too Tong’ de- 
tails.” They are very perspicuously described by La Grange; 
in the 44th chapter of his Manual, and in Aikin’s Chemical 
Dictionary, article Gold. "To the former work ; to Lewis’s — 
Philosophical Commerce of the Arts; and to Mr. Hatchett’s 
paper, in the Philosophical Transactions for 1803, I refer 
also for information respecting the alloys of gold with other 
metals. It may be proper, “however, to add that. gold, 
which is too'soft, in its pure state, for many purposes, has 
its hardness greatly increased’ by being melted or alloyed 
with a small proportion of copper. It is a singular fact, 
that some kinds of copper, which do not themselves appear: 
defective in any respect, totally destroy the ductility of 
gold.. This appears to be owing to the contamination of 
the copper with a very small gimntity of lead and anti- 
mony, of either of which metals only about +575 oth I in n weight 
is sufficient to produce this injurious effect.» 

The degree of purity of gold is expressed by the sligaibis 
of parts” af that metal, contained in 24 parts of any mix- 
ture. Thus, gold, which, in 24 such parts (termed carats), 
contains 22 of the pure metal, is said to be 22 carats fine. 
Absolutely pure gold, using the same language, is 24 carats 
fine: and gold alloyed with: an Se Laer of mos peat 
| ope wh carats rom | 


SECTION I, 
P She 


L Patina, j in ithe state § in | which it reaches this ‘country, 
js eontaminated by the presence of eight | or. ‘ten other. sub- 
stances; and, in, facts. is, merely an ore of platina. . . It.had 
been discovered in no other eats oo hove we rie i 

; ‘ sae 7 
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Fé, in South America, until about two years‘ago, when 
’ Vauquelin detected it in some grey silver ores from Estre- 
madura; and, more lately, it has-been brought from St. 
Domingo, and-from the gold mines of Brasil. The general 
aspect of the ore of platina i is that of small grains or “eeales, 
of a whiter colour than iron, and extremely heavy. — Va- 
rious processes have been contrived for its purification * ; 
but the one, which is the most simple and practicable, ap- 
pears to me to be that of Count Moussin Poushkin, com- 
municated by Mr. Hatchett in the ninth volume of Nichol- 
son’s Journal +. It is unnecessary, however, to detail these 
processes; as the metal may now be had, in a pure state, at 
a reasonable price; among other places, at. Gory s, No. i 
Strand, London. 

[I Platina has the scsi properties : a TRA: 

1. It is a white metal, resembling silver in colour, but 
greatly exceeding it, and indeed all other metals, in specific 
gravity, which may be stated at 22 or 23, or, according to 
Sir H. Davy, at 21.3. It may be drawn into wire about 
the 2000th part of an inch i in diameter, and beat into very 
thin plates. 

2. It is extremely difficult of fusion. It may be melted, 
however, by the blow-pipe, with the aid of oxygen gas. A 
globule, also, weighing 29 grains boiled wheats se in the 
focus of a lens about three feet in diameter ¢. 

3. It is not oxydized by the long-continued and concur- 
rent action of heat and air. To obtain its oxides, we must 
_havye recourse to a circuitous process. ‘The nitro-muriate 
of platina is to be decomposed by lime water, and the pre- 
cipitate re-dissolved in nitric acid. This solution being 
evaporated, and heated so as to drive off the acid, a brown 
powder remains, which is the oxide of platina at the maxi- 


* See Aikin’s Dictionary, article Platina. 

+ A process for purifying platina, by the intermediation of zinc, ts 
described by Descotils in the 64th volume of the Annales eo ies 
page 334, or $7 Phil. Mag. 65. 

$ 69 Ann. de Chimie, 93. 
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mum,, and rey contains,in, 100 parts, 13,0f oxygen. . This 
oxide, very. carefully. heated, passes, to.a green., colour, and 
loses six parts. of, Oxygen; . seven only. remaining, combined. 
with 93 of; metal... It is proper,’ however, to state, that Sir 
H.. ‘Davy did age succeed i in. the repetition of these’ empenie | 
ments. _ Ha veh bg Latasin’ tntey: Meek ah” penal lhe eo dis 4 

Berzelius * B pave ila two: eee of | shit lidia The pro-=: 
toxide is, precipitated from the muriate’ by an excess of 


potash. its colour i is, blacks and it consists, ‘of. 


eri 
% 


rig EAE a 92. 45. gee +-100,, 
| Oxygen... an 1. 65. eck 8.287. 


me J so oon oe 108.287 9 8 th 


t 


The peroxide has been obtained only i in’ combination. 


it is PRR of | ta sa chiicioeaie diver ogietiet ae 


cep ‘Platina... .B8. 8 Y00: . 
AT sre - Oxygen: 14. OT -- 16. 38 


ih . 100. 116. 38 | 


j CHOOT 33 
~~ 


5, Platina has the property of welding t, ; which; raeaae 
to no other metal but this and iron, Laine, 

6. “ag is. ‘not. acted on by, any | other acid. thet, the nitro- 3 
muriatic and oxy-muriatic f. The former. i is best adapted. 
to effect this. solution. Sixteen parts of the compound acid 
are to be poured. on-one of..the laminated metal, and EXm 
posed. to heat in a glass vessel; nitrous gas is, disengaged, ue 
‘and a reddish-coloured solution i Is, obtained, whieh gives a, 
brown. stain to the pkins <x. 4 -asicds 

~ When this solution i is evaporated, Fosse heated. to. white- 
ness, chlorine gas is disengaged, aud may bm galleried. 2. 


* 87 Ann. Ch. IO, ) POR? OF Ra EO 

+ Two pieces of ee iron, raised to a white heat,; hecomé Co- 
vered with a, kind of varnish; and, when brought, into. contact, may ho . 
permanently united by forging. This‘is called the welding of irom) ise 

} Mr. P. Johnson has shown that platina, by being! alloyed:with. slvr : 
and gold, is rendered soluble in nitric acid, 40 Phil, _ tei Aree 7 
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proper apparatuss;Thée drycompound, investigated by 
Mr. E. Davy, gave 18.5 per cent of ‘chlorine; but ‘this is 
ee him only as an approximation. | 

. The muriate of :platina may be crystallized by careful 
Pe ashi ‘The salt has.a:very acrid taste; and is deli-: 
quescent. It:is decomposed by heat, ‘and an oxide of pla- 
tina remains, which is reduced to a metallic pion by i arn : 
with charcoal. . 

8. The muriate of plutibg tn the tlt as proper ty 
of being precipitated by'a solution of muriate of ammonia. 
By. this character, platina ‘is distinguished from all other 
metals, and may be separated when mingled with them in 
solution. ‘The precipitate, thus obtained, is ‘mngesk hae 
by a strong heat, and leayes pure platina. 

9. Muriate of platina is not precipitated by vieraataa of 
potash, nor by: sulphate of iron. If any precipitate ensue, 
it is owing to contamination with other metals. — 3 

10. Itis precipitated of ‘a dark green colour by the gallie 
acid as present in tincture of ais The sheney ea be~ 
comes gradually paler by: standing*. 

11.. When pure potash is poured into the muriatic so-= 
lution, a\precipitate ensues,’ which is not an ‘oxide of pla-: 
_ tina, but a triple componnd of: that oxide with the alkali 
and acid. With soda, also, it forms a triple combination. 
This is best obtained, by adding to nitric acid, in a retort, 
platina, with twice its weight of muriate of soda, and ap- 
plying heat till about four fifths of the fluid have come.over. 
The’ remaining ‘liquor forms, on cooling, fine prismatic: 
erystals,'sometimes four or five inches long; and either 
reddish-brown, like titanium ; yellows like amber 5 or of a 
beautiful coquelicot colour +. 

» 124; Muriate of platina is decomposed i Saibigrk tach an. 
edreriaed solution’ of: platina is obtained; which may be 
applied to the same uses.as the similar solution-of gold... It 
is decomposed, also, by sulphuretted hydrogen, and’ a 
oN na tea ipl ce en See ne 

_* La Grange, i. 272... $ Nicholson’s Journal, 8vo.,ix. 674. + 

] Berzelius, ei 
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black powder is obtained, which: becomes: reddish brown 
with an excess of the precipitant, but reassumes its black 
colour, on. exposure to the air.» Its. composition: cannot 
be’ investigated’ easily, for the sulphur passes so: rapidly to 


the state of sulphuric acid, as,-during the: desiccation .of 


the. powder, to destroy the paper on which it was collected. 
The direct combination -of platina and sulphur was found. 
by: Mr, E. Davy to- “give an infusible black: powder, con- 
taining about 16 per cent of sulphur *. 

Phosphorus and platina may be united, either by passing 
phosphuretted hydrogen into a solution of the muriate, or, 
according to Mr. E. Davy, they combine directly in exhausted 


tubes with vivid ignition. The result is a blueish grey. 


powder, sai and vest 17 per cent of phos- 
phorus. 

13. Platina is acted upon by fusion with nitrate of pot- 
ash, and also with pure fixed alkalis. The latter property 
diminishes considerably the satiliey of apy as a — 
for crucibles. 

‘14. The most delicate test of the presence of benoit is 
muriate of tin. A solution of platina, so dilute as ‘to be 
scarcely distinguishable from water, assumes a bright red 
colour, on the addition of a i wee of the ‘recent solu 
tion of tin. . : 


15. Platina scatibinndl with! potassium nd asain ee 


affords brittle compounds. It unites also with most metals te: 
In the proportion of only -3,, it renders gold pale; it 
amalgamates with mercury; and diminishes the fusibility of 
the fusible metals. Its alloys, tubes have’ sohans i little 
investigated. . 

16. Platina has been discovered by Dr. Wollaston t to he 
a remarkably slow conductor of caloric.: When equal pieces 
of ig o and oan covered nigiéliing se 


* See his Memoir on ‘some. of the Combinations of f Phasite, Phil. 
“Mag. vol.40. WELBON hd had 8 LA SSRTIIA gL ha Oh ated 

+t See Darcet-on the = lye of Platina with gee 89 mai de Ch. 
135. 7 areca Ay ®, ‘ 
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heated at*one end,’ the wax was melted 31 inches on the 
silver; 2}0n the copper; and 1 inch only on the platina: 
Its .expansion by heat is considerably less than that of 
steel; which, between the temperatures of 32° and 212° is 
expanded: about 12 parts in 10,000, while the expansion of 
platina is only about 10... From trials made by Mr. Scott 
of Dublin, it appears to possess sufficient elasticity to be 
applicable to the making of pendulum springs for watches *. 


“SECTION Ul. * 


eS ilver. 


ee ee is a énetal, whith admits of a Suc of lustre, 
infer: only to that of polished steel. Its specific gravity, 
after being hammered, is 10.51. In malleability, ductility, 
and. tenacity, it exceeds all the metals, except gold. Its 
fusing point, as determined by Dr. Kennedy, is 22° of 
Wedgwood’s pyrometer.. By considerably raising this heat, 
it may be .volatilized; and, by slow cooling of the fused 
iting, it may be made to assume a regular crystallized form. 

: Its chemical properties are the following: 

-I.. Silver is difficultly oxydized by the concurrence of 
heat and air. The tarnishing of silver is owing not to its 
oxidation merely, but to its union with. sulphur, as Proust 
has satisfactorily shown. 

By transmitting a Galvanic or electric dischaige, ehroitalt 
silver wire, it is oxydized; and by long exposure of silver 
to heat, with free access of air, it is at length converted 
into an olive-coloured glass. The oxide of silver may, 
also, be obtained by decomposing nitrate of silver with 
solution of. barytes ; and, after washing the precipitate 
espn heating it to dull redness. It has an. olive. co- 


* Nicholson's Journal, xxii. 148. 
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lour, candiabpibinginiedl according ‘to’ Sir HH. Davy, of:100° 
parts» of silver) united! with ‘7.3 oxygen, of} according 6 
Dr.) Wollaston, 7. 4. Ae a preeeittirh of oxygen is 


aisigpical reed ee grea! ruaetod ulyirior 1 That 
‘h FOS . Silver oe 02% bobisnl < 1100" =) UGL ” hit be 
Stowe on) ed Obapgeniaist cme 2.0L sfiealagy ts | | 
it O35 ¥fialiauts aos ? ITO vy sere oe” erttotyyt 3 ty 
Pw fas * Did eth 1100. m4 107. 925. r f otk é 
*. ae i lie 


No other oxide of silver has bent ascertained to exist. 

II. Silver is acted on by sulphuric acid, which, when 
assisted by heat, oxydizes and partly dissolves it. The sul- 
phate of silver, however, which’ is very useful as a test, is 
better prepared by dissolving in sulphuric acid the carbon- 
ate of silver, precipitated font the nitrate by carbonate of 
soda. It forms small brilliant and needle-shaped crystals, 
which require for solution a large quantity of water. _ 

a 8 Nitric acid diluted with from two. to. four parts of - 
water dissolves. silver with a disengagement . of ‘nitrous, gas. 
if, the silver be pure, the solution is colourless, otherwise it 
has. 2, green hue. According to Proust, 3 nitrate of silver 
already saturated, aL, boiled with powdered silver, dissolves 
an. ‘additional « quantity; and a solution is obtained, i in which . 
the silver i is oxydized at a minimum, This sub-nitrate, he 
observes, possesses different properties from the SEE UHM 
one *.. s 

LIV. Muriatic ‘acid: does not act on silver; yet this acid 
“takes. oxide of silver { from. others, T hus when muriatic 
acid is added to nitrate of ‘silyer, a white ‘curdy; precipitate 
falls down in great abundance... This precipitate 1s decom- 
posed by. light; for, when exposed to the direct rays of the 
. sun, its ‘colour becomes gradually. darker, “ (See chap.. ly, 
part ape ‘Tf fused by a gentle heat, it forms, Y semi-trans- 
parent mass of the consistence of horn, called luna cornea, 
or horn silver. Wiese 

The. composition of muriate of silver has been variously 
stated. According. to Gay Lussac 100 grains of silver com- 


. Bi Nicholson's J ournal, xy. 376, ™ ra 
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Pine with 7.60. oxygen and .25.71\dcid.| Other chemists 
have given. different. pippeinions )as appears | from the fol- 
sais, Fable-te §3; ae O32 waist ote. ont’ | So 
| 100 rts Ring. tok i656. s Sh 
a S, accor in irwan rl 55 Site 
fie — 6. A Sea “ee 4 188" 1% 
pO? 26) 0 nyt —— Zaboada ...172075 20. 82.8": 
Ap eseoson Bie! aos oProust’\ 2. 1718 tod lea 
+ Dr. Marcet,, 19.05. 2.480. 96. ; 
aris te timarred Gay Lussac 19.28...) .80. ETE 
—_—_-——— ~ Berthollet , 17.5, Soy Se 
- Berzelius Se 19. 035. oa +80. 965 
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/ Theke differences may, bie aus in part but not ints 
be accounted .for, by the different states of dryness: of the 
muriate of silver. A hundred grains, I haye‘found, after 
being dried during twenty-four hours;at‘a temperature’ be- 
tween ‘212° and 300° Fahrenheit, lose barely'a: grain ‘by 
fusion.’'‘On the whole, I should be disposed"to consider ‘the 
déterminations: of Dr. Marcet ria ‘Gay Lussac as «most 
entitled’ to confidence. 9) > reseate bas mula: 

_ |) Muriate-of silver is decomposed. Wy fusion with etncwerl 
f carbonate ofisoda.. Mix one part of the former with three 
_ of the latte? salt, and let the mixture be fused in a. crucible, 
* When?cold, the ‘silver will be found reduced at the bottom 
of the’ crucible; break ' the ‘mass, and. separate the metal. 
‘From 100 psp of the muriate, ‘barely 75: of pure:silver 
are obtained.’ This is one 8 the best modes ‘of: procuring 
silver in’a sate Ofpunityin Pv zeoocie telionty a yl 
Ny, Silver’ combines with’ cdalhietby when: héated! in ‘that 
gas, and a ¢ompound results, which,:in every respect, agrees 
with murtiate of silver. According to the:new theory‘ of - 
chlorine, ‘it is, in fact, a compound of that bodyand metallic 
silver; and it has, therefore, been called by Sir H. ‘Davy, } 
argentane, and by Gay Lussac, ‘ehlorure of silver. The 
former makes the chlorine in this compound amount ‘to 
24, “a cent, and 100 grains should therefore consist of 
on Giver 6. 45075.8 25. .100 men gp 
Chlorine WORF 86 IR Ee at ae 
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According to Dr. Marcet’s analysis, 100 grains should 
contain 75 of silver} for this is the quantity of metal in 80.95 
grains of the oxide, taking the oxygen at 7.3 to 100° of 
silver. If this be admitted, 100 of silver will then be satu- 
rated by very nearly 83.5 of chlorine. It must be obvious, © 
that, in order to.convert the old statement of the compo~ — 


sition of horn silver into the new one, it is only necessary, 
to suppose the oxygen taken from the oxide, and added to. 


the muriatic acid, which gives the quantity of chlorine. ~ 


‘VI. Asolution of nitrate of silver stains animal substances te 


a deep black. Hence it has been applied to the staining of 
human hair; but, when thus employed, it ‘should be very 

much diluted, and used with extreme seth on account of. 
its corrosive quality. 


White paper, or white leather, when. stained wlth aso: 


lution of nitrate of silver, in'the proportion of ten parts of 
water to one of the salt, undergoes no change in the dark; 
but when exposed to the light of day, it gradually acquires 
colour, and passes through a succession of changes to black. — 
The common sun-beams, passing through red glass, havevery 
little effect upon it; yellow and green are more efficacious; 
biti bie maid -vistee produce the most decidedly powerful: 
effects. Hence this property furnishes a method of copying 
" paintings on glass, and transferring them to leather or paper. 

The process is described by Mr. Ty, Ribas: de N 10le 
son’s Journal, 8vo. iii. 167. 

By a similar process, ivory may be covered with saven 
Let a slip of ivory be immersed in a dilute solution of pure 
nitrate of silver, till the ivory has acquired a bright yellow 
colour. Then remove it into a tumbler filled with distilled 
water, and expose it to the direct light of the sun. After 
two or three hours exposure, it will have become black; but- 
on rubbing it a little, the surface will be changed into a 
bright metallic ones resembling a slip of pure silver. As the 
solution penetrates deep into the ivory, the bright su ace, 
when worn away, is replaced by a succession of others. *” 

VII. The solution of nitrate of silver, when evaporated, 
forms regular rigotal These crystals fuse when heated ; 


w 


SECT. HL. SILVER. © 79 


and. being poured, in this state, into.moulds, form. the 
common lunar caustic. Fused nitrate of piven Lif nicgaacani to 
Proust, is connor of. “i oive . 
ree bel fart Silver. 6: -. 64 re hie sgct eet YT 
Peicy Gri My  Oxumon d e@oeve a. ; 210. meen 
: Nitric acid ....2...30 


, -- 
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100 


"This ph eto cannot ye ppiech as it assigns 
_ too large a proportion of oxygen to the oxide, viz. 8.6 to 
~ 100 grains. of silver. » 

VILL. Nitrate of ‘silver is desprapoead by are fic ee 
Thus the surface of a plate of copper, to which the solution 
is applied, becomes plated over with silver. The first part 
_of the deposit, Gay Lussac. finds, is.perfectly pure silver. 
The latter portions contain an admixture of copper, which 
may. be e removed by a fresh solution of nitrate of silver. If 
a t little m nercury | be poured into a bottle filled with the’solu- 
tion of'n nitrate of silver,-and the bottle. be left some. time 
undisturbed, ‘the. silver is precipitated im a beautiful form, 
me resembling the branches of a tree, which. has been termed 
Arbor Diane. The most’ successful process for obtaining 
this appearance, Baumé assures us, Is the following: Mix. 
together six parts of a solution of silver in nitric acid, and 
‘ four’of « a solution, of mercury in the same acid, both com- 
pletely satur rated. Add'a small quantity of distilled water ; 
and put the mixture into a conical. glass, containing. six 
parts of an amalgam, made with seven parts of mercury and 
one of silyer. At the end of some hours, there appears on 
the surface of the amalgam a precipitate in the form of'a 
vegetation, According to Proust; however, this complicated 
process 1s quite unnecessary; and all that .is required is to 
throw mercury into nitrate of silver very much diluted. A 
beautiful arborization of reduced silver, he observes, will “h 
produced without difficulty. 

1%. The solution of silver is decomposed by charcoal; 
-and | by. hydrogen gas and its compounds. This'may be 
shown by experiments precisely similar to those already 
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directed to. be made with muriate of gold. A stick of clean 
phosphorus, also, immersed ina dilute solution of nitrate of 
silver, in the course of a few days becomes beautifully. gilt. - 
_ X. Precipitate nitrate of silver, by lime-water, and tho- 
roughly edulcorate and dry the precipitate. Let this be 
afterward put fhto a-vessel of the purest liquid ammonia. 
It will then assume the form of a black powder, from which 
the fluid is to be decanted, and the black substance left to 
dry in'the air. ‘This is the celebrated compound termed 
fulminating. silver, which’ detonates with ‘the gentlest heat, 
and even with the slightest friction. When once'prepared, 
no attempt must be made’ to enclose it ina bottle; ‘and it 
must be left undisturbed inthe vessel in which! it’ was dried. 
Great caution is necessary’ in’ ‘the preparation ‘of this’ sub- 
stance, and in making’ experiments on it. ' /It' even explodes, 
Meats aé on the: gonitlest flection) eaurioq Wish Soe 
| XI. A new detonating compound of silver, Rohl by a 
vinci similar to that employed i in making the fulminating 
mercury of Mr. Howard,’ has’ lately been ‘described by 
Descotils +. It is prepared by adding alcohol, t6 a heated 
solution:of silver in: nitric acid, while the solution ‘is yet 
going on. Considerable effervescence arises; "the: liquor 
presently becomes’ turbid ;: anda heavy, white, ‘crystalline 
powder: falls down: This; when washed’ and dried, 1s the 
detonating silver. » Heat; a''slight blow,’ or long contifiued - 
friction, catises it to inflame with a brisk detonation. | -Pres- 
sure alone is not-sufficient, unless’ very powerful. It détonati’s 
_by-the ‘electric’ spark, and is set on fire with’ ani’ ‘explosion 
by concentrated sulphuric acid. ‘Both i in the’ preparation 
of this’ substance, and in’ ‘experiments on its’ detonation, 
much caution ‘is. necessary ; ; and only very small quantities 
should: be employed. | This preparation was originally dis- 
covered by Mr. EF.’ Howard.’ In: repeating” his process, 
Mr. Cruickshank dissolved 40 grains of silver in ‘two ounces 
of strong nitric ner diluted si an ig bc Veen of water. 


on » See Gaia Rumiford's papers,’ Philosophie Transactions 47 798. 
vit: Nicholson’s Journal, xviii. senile eh 
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Then by heating the solution with two ounces of alcohol, 
he obtained 60 grains Ks a mete powder, which detonated 
violently. 

XII. A very useful solvent of silver has been discovered 
by Mr. Keir of Birmingham. It is formed by dissolving 
one part of nitre in about eight or ten parts by weight of 
concentrated sulphuric acid. ‘This compound (which may 
be called nitro sulphuric acid) when heated to between 100° 
and 200° Fahrenheit, dissolves one fifth or one sixth its - 
weieht of silver, with an extrication of nitrous gas; and 
leaves, untouched, any copper, gold, lead, or iron, with which 
the silver may be combined. Hence it is a most useful 
agent in extracting silver from old plated goods. The silver 
miay be recovered from the solution by adding muriate of 
sola, which forms muriate of silyer; and this may be de- 
composed by carbonatd of soda, in the way which has 
arn 8 sha désciibed. 
selpmaretted Hyon gas, Both these substances blacked 
silver when exposed to their operation; and the common 

_ tarnishing of silver by the atmosphere has been traced to a 
similar’ cause. Sulphuret of silver has been analyzed by 
Berzelius, and saa | to consist of 


Silver’. . rc ene 8 7.032. NO 100. | ‘8 
: Sulphur . Pee IOS ts he eo 
+ pr etgde: Lies ; eer. i va 
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age 5 394 Gir ee § is capable of being united with, most other 
metals. When. alloyed with copper, in the pr oportion of 
one part to twelve, it‘ constitutes the standard silver of this 
country. This combination, though its colour differs: but 
little from that of pure silver, is much harder, and better 
adapted for, the purpose of Soke and of domestic iinples 
ments. 
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SECTION IV. 
Mercury. 

“I. Mercuny, or quicksilver, is the only one of the me- 
tals that retains a fluid form at the ORGUNaEY, temperature of 
the atmosphere. _ 

IT.. When its Phi le Be is reduced to about 39° or 40° 
below zero of Fahrenheit, it assumes a solid form. This 
is a degree of cold, however, that occurs only in high 
northern latitudes: and in this country quicksilver can only. 
be exhibited in a solid state by means of artificial mixtures. 
By congelation it acquires an increase ‘of its specific gravity ; 
and, therefore, unlike other metals, the congealed portion _ 
sinks to the bottom of a fluid mass of mercury. . Its specific 
gravity, at 47° above 0 of Fahrenheit, being 13.545, it 
~ was found increased by congelation, in an experiment of 
Mr. Biddle, to 15.612, or about one seventh. 

III. At about 660° of Fahrenheit (656° according to 
Creighton) mercury boils, and is changed into vapour. 
Hence it may be driven over by distillation, and may thus 
be purified, though not accurately, from the admixture’ of 
other metals. When its temperature is considerably increased, 
above this point, the vapour acquires great expansive force, 
and the power of bursting the strongest vessels. 

IV. Mercury is not oxydized, when pure, at the ordinary 
temperature of the atmosphere; but preserves the lustre of 
its surface unchanged for a considerable time. There are 
several methods, however, by which it t may be brought to 
combine with oxygen. 

(a) Mercury is oxydized by long continued agitation i in 
a bottle half filled with atmospherical air, and is converted 
into a black powder, to which Boerhaave gave the name 
of ethiops per se. When this oxide (which may be obtained, 

' with less trouble, by decomposing calomel with solution of 
" potash), i is distilled in a glass ep oxygen gas. is. evolved 5 | 


* 
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or if a moderate heat be long continued, it acquires a 
reddish colour, and a still farther dose of oxygen. The black 
oxide consists, according to Fourcroy and Thenard, of 100 ~ 
parts of metal united with 4 of oxygen. 

(4) Another oxide of mercury is obtained by exposing 
the fluid metal, for several days, to nearly its boiling tem- 
perature, ina flat glass vessel, into which air is freely ad- 
mitted. After a sufficient length of time, small flaky crystals * 
form on its surface, of a eowinieh red, or flea colour. This: 
red oxide was formerly called precipitate per se. When: 
distilled alone in a glass retort, it yields oxygen gas, and 
returns to a metallic state. It is composed, according to 
Fourcroy and Thenard, of 100 metal and 8 of oxygen. 
Sir H. Davy, also, finds its oxygen to be exactly double 
that of the protoxide, which is composed of 190 mercury and 
7.5 oxygen, while the peroxide consists of 190 metal and 
15 oxygen. Hence the protoxide is composed of 


Mercury ...... 96.22 ....4..-100. 
Oxygen 2.5. GIB 6s iv ee es S947 


, 100. 103.947 | 


* 


And the peroxide of 


+ Merenry *..:.. 5.92.69 2<....+.100. 
Oxygen ....+. 7.31....2++. 7.894 


100. ~ 107.894 


‘It will be ‘sufficiently near the truth, if we admit, with 
Dr. Wollaston, the black oxide to consist of 100 metal, 
united with 4 of oxygen, and the red of 100 mercury +8 
oxygen. 

“V. Mercury is dissolved by hot and concentrated sul- 
phuric acid. Two parts of sulphuric acid and one of mer- 
cury are‘ the proportions generally used; and as strong 
sulphuric acid acts but little'on iron, the combination may 
be made in an iron vessel. Part of the redundant acid may 
be — by heat; but still the salt retains a considerable 

& 2 
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excess of acid, and may be called super-sulphate of mercury. 
It is very difficult of solution, requiring 155 parts of cold or 
33 of boiling water. By repeated washings with cold water, 
the whole excess of acid may be amar | and. the salt is 
rendered much more insoluble. : 

. When the super-sulphate is heated for some time, “ a 
fenperamice exceeding that of boiling water, it loses still 
more acid, and is changed into a hasd grey mass. When 
this is removed from the fire, and boiling water poured upon 
it, a lemon yellow-coloured powder is formed called Turbith 
Minerai. ‘This substance requires for solution 2000-times 
its weight of water. One hundred parts consist of 10 sul- 
Paget acid, 76 mercury, 11 oxygen, and 3 water. _ 

VI. The nitric acid dissolyes mercury, both with and 
wiabes the assistance of heat. . At the common tempera- 
ture, but: little nitrous gas is evolved by the action of mer- 
cury on nitric acid; and the acid becomes slowly saturated. 
The solution is very ponderous and colourless; and yields, 
by evaporation, large transparent crystals. The solution 
does not become milky when mingled with water. Pure 
fixed alkalis give ayellowish white preepugirs and ammonia 
a greyish beer one. 

But if heat be used, a brisk effervescence arises, occasioned . 
by the escape of nitrous gas, and a solution is obtained, in 
which the metal is more highly oxidated, and the acid is in 
less proportion. When this solution is poured into cold 
water, a yellowish white sediment is formed; or, if into 
boiling water, an orange coloured one. Both precipitates 
consist of nitric acid, with a great excess of oxide, forming 
an insoluble sub-nitrate of mereury. 

If the last-mentioned solution, be boiled with, a. fresh 
quantity of mercury, the newly added metal is taken, up, 
without any discharge of nitrous gas, the metal becoming 
oxidized at the expence of that already. dissolved. 

- When the nitrate: of mercury, is: exposed to a heat 
wr adually raised to. 600° or upwards, it.is deprived of water 
‘and. of most ofits acid, and reduced to,an.oxide, which: has 
the form of brilliant red:scales.. This substance, commonly 
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called red precipitate is ai more properly the nitrous 
oaide of mercury: . 

~ VIL Mercury isthe bss of a new fulminating eat pb te 
discovered by Mr. Es Howard. To prepare this powder,’ 
100 grains (or a greater proportional quantity not exceeding” 
500) are to be dissolved, with heat, in a measured ounce 
and half of nitric acid. The solution being poured cold’. 
upon two measured ounces of alcohol, previously introduced’ 
into any convenient glass vessel, a moderate heat is to be 
applied till effervescence is excited. A white fume then 
begins to undulate on the surface of the liquor, and the 
powder will be gradually precipitated on the cessation of 
action and re-action. The precipitate is to be immediately 
collected on a filter, well washed with distilled water, and 
cautiously dried in a heat not. exceeding that of a water- 
bath. ‘The immediate washing of the wh Si is material, 
because it is liable to the re-action of the nitric acid; and 
while any of that acid adheres to it, it is very subject to be 
decomposed by the action of light. From. 100 grains. of 
mercury, about 120 or 130 of the powder. are obtained *., 
| This powder has the property of inne loudly in a 
gentle heat, or by light friction. 

VIII. Mercury is. not dissolved by sriitallttc acid, but 
may be brought into union with this acid by double elective 
affinity. ‘Thus when sulphate of mercury and muriate of 
soda, both well dried, are mixed and exposed ‘to heat, a 
combination of oxide of mercury and muriatic acid is ob- 
tained by sublimation. This: compound is the corrosive 
sublimate of the shops. The same components, with a still 
farther addition of mercury, ‘constitute ; an peels sub- 
staixce’ called’ calomed: 08 29 (G0) 10 Bente ous 

The corrosive muriate requites' 16’ or 20 tines ‘ifs weight 
of water for solution; but is soluble in about 3 {th its wei ight 
of alcohol. Its solution in’water is deedtinpasee by alk the 
fixed alkalis and alkaline’ salts; which throw: down’ at fist’ an’ 
orange, ee wri nieces a eae red? ‘precipitate | sad 
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_ Calomel, or the sub-muriate, is formed by,grinding the 
muriate with about half its weight of metallic quicksilver, 
and then repeatedly subliming ‘the mixture... As the new 
compound _ is nearly insoluble, it may be freed from any 
remains of the corrosive muriate by repeatedly washing with 
water. Fourcroy and Thenard. have: given the; following 
comparative view of the composition of corrosive sublimate. 
and calomel, rato A Fd iar Peete geo PPayviies Owe PO 

‘aril nssiieidtuavecs hee “oheea eh OO etind AERO RT eH Undine eas 

Catomel 5: pje:+:+ «6 sis i 4.16 oxygen. 
& 13.97 aad. 


| pati 100. econ ISR 
acing Muriate ..4); » 8.21. pat drone brigoct abet 
wn | ni 7189: acids. |y ayditestie! 


“Mercury unites with chlorine, and, if iehimew in ithe ¢ gas 
burns with a pale red flame, The product is i entical with 
corrosive sublimate, which, according to Sir I . Davy, i is a 
compound, not of muriatic acid and oxide of: ‘mercury, but 
of chlorine and that metal. According to his. experiments, 
calomel consists of 190 mercury % and 33. 5 chlorine, or of 
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Mee ‘The ser of mercury are ‘all reduced en witng pce 
without the addition of any combustible sabeiances and 
afford oxygen. gas. : : 

x. Mercury dissolves gold, silver, iy i many other 
metals; and if these be iis ie with it in sufficient quan- 
tity, the mercury loses its fluidity, and forms an. amalgam. 
A solid amalgam of lead, and another of bismuth, on ad- 
mixture together, have the singular property of instantly 
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becoming fluid. The extraordinary powers of the base of 
ammonia in amalgamating with mercury, have already bees 
described in speaking of that alkali. _ 

By combination with mercury, metals that are not easily 
oxydized, acquire a facility of entering into union with 
oxygen. Thus gold and silver, when combined with mer- 
cury, are aiiydizedl by agitation in contact with air. This 
fact furnishes a striking illustration of the effect of over- 
coming the aggregative affinity of bodies, in promoting 
dieiital union. — 

XI. By combination with sulphur, mercury affords two 
distinct: compounds. By long continued trituration, these 
two bodies unite, and form a black sulphuret. When united 
together by fusion, and afterwards sublimed, they constitute 
a red sulphuret called cinnabar, which, when powdered, 

affords the common pigment vermilion.. The process used 
’ by the Dutch, who have long been celebrated for the pre- 
paration of cinnabar, is described in the 4th volume of the 
Annales de Chimie, or in Aikin’s Dictionary, vol. ii. This 

compound also may be obtained by mixing’ ‘concentrated, 
- solutions of muriate of mercury and hydro-sulphuret of 
- ammonia. A brownish muddy precipitate is obtained, which, 
when left undisturbed, turns yellow i in three or four days, 
then orange, and ica acquires a beautiful cinnabar 
colour *2" yay 

The exact composition of these sulphurets has not yet 
been determined. But if mercury, like other metals, take 
twice the quantity of sulphur which it absorbs of oxygen, 
the proportion oftheir ingredients will be found by doubling 
the oxygen of the a weg and hey will be nn ge as 
follows: 


ice e . id 


' Subsulphuret......100.......2. 7.894 
q Sulphuret’ ..,..... FOG ees Ss 788e 
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“SECTION Y,. 
Rhodium and Palladiaim. | 


“Tun discovery of. these two “metals was. ‘qnade, by. Dr 
Wollaston, who, separated them rom the oe, af platina, by, 
the following process. >, 

7. Ruopium, When 4 alison of the, One ‘oh platina i in 
nitro-mur iatic acid has been precipitated, as far as, possible, 
by muriate of ammonia (see sect, 3). it still retains a con- 
_ siderable.degree of. cole yarying with. the, strength and 
pr portion of ‘the : acids. that haye been employed in, effecting 
the. solution. Beside i ir on, and a portion, of. the ammonia~ 
muriate of platina, it contains, also, athe elas in very. 
small proportion. whine ae 
| 1. et a cylinder, or. thin, plate, of zing, or or - iron, k be ions ig 
mersed i in ‘the solution, It will, separate all,the. metals that 
are pr present in ‘the | state of. a Plack powder. Wash the. pre- 
cipitate ‘(without drying it) with yery dilute nitri¢, acid, 
assisted by « a “gentle heat, which. will dissolve the. copper. and 
fead. ” ‘Digest the remainder. in dilute nitro-muriatic acid ; 
and to the. solution, when, completed, adda portion, of 
mhuriaté a 8 sod nar et in sie to a one Riley 
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Ma oad, ans 3. the. © two. te of. pon tte ‘may “he 
separated by. algoh ol, and the, salt, of rhodium: will, EPH 
From. its. pola the rhodium, may. he, precipitated by zine 
Which throws down a black powder, amounting, in, vey 
yn grains, from, 4000) of, the OU eis aul is edule ind 
When exposed to heat, the naeke continues ‘bleak 
with borax, it acquires a. white metallic lustre, but, appears 
infusible: by: vany degree of heat. It i is, rendered fusible, 
however, by ‘arsenic, and ‘also by sulphur Be ; both, of which 
may be “expelled by a ‘continued heat ; but the metallic 
button, ‘thus hus obtained, isnot malleable, ih ® 
3. The specific gravity of rhodium, as near as it could be 
taken, was 11. 
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4 Rhodinm unites readily with all the metals that have 
been tr ied; excepting mercury. It does not discolour gold, 
when alloyed with it, |. 

. When an alloy of bam or gold a rhodium is ais 
Se in nitric or nitro-muriatic acid, the rhodium remaing 
untouched; but when allayed with three times its weight 
of bismuth, copper, or lead, each of these alloys may be 
dissolved completely, in a mixture, by measure, of two parts 
muriatic acid: with one of nitric. The lead appears pre- 
ferable, as it is reduced, by evaporation, to an insoluble 
muriate. The muriate of rhodium then exhibits the rose 
colour, from which the name of the meee has been derived: 
It is soluble in alcohol. 
6. Rhodium is not precipitated eet its aitntion BG prus- 
siate of, potash, nor by muriate of ammonia, nor by hydro-~ 
sulphuret of ammonia. The carbonated alkalis produce 
no changes. but the pure alkalis precipitate a yellow oxides sa 
soluble in all acids that have been tried. © ‘sai 

Berzelius has ascertained the existence of three. oxides of 
this. tasiali sgt ee as follows: 2) 

. Metal. Oxygen. 
” Protoxide. Sas ten A OD inte ct Bek 


PMtoride ft oe 100 + 13.42 
Peroxide snicasesdOO | 20.13 


ai TRaseieetass -1. The alcoholic solution (I. 1.) con- 
tains the soda-muriates of palladium and platina. The latter 
metal may: be. precipitated by: muriate of ammonia; and 
feoua the remaining liquid palladium may be-obtained, by 
the» addition of: prussiate of potash, which occasions a sedi= 
ment, at first of a deep orange colour, and changing after- 
wards to a dirty bottle-green, owing, probably, to the pre- 
sence of)iron. The precipitate is to be ignited, ape “ena 
from iron, by cupellation with borax. 

2;.A more simple method of! obtaining palladium his 
aince: been: announced. by its discoverer *. To.a solution of 
the ore of platina in nitro-muriatic: acid, neutralized by 


«8 Phik Mag. xxii. 272, or Phil, Trans, 1805. 
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evaporating the redundant acid, or by adding an alkali, and 
either before or after the separation of the platina by muriate 
of ammonia, let prussiate of mercury be added. ° Ina short 
time the liquid becomes yellow, anda flecculent precipitate 
is gradually formed of a pale yellowish white colour, which 
is the prussiate of palladium. This, on being heated, yields 
the metal ina pure state, in the proportion of four tenths or 
en tenths of a grain from every hundred grains of the ore. 

8, Vauquelin has, also, proposed a methéd of separating 
rhodium’and palladium from the ore of platina: ‘His process, 
which is less simple than the second method of Dr. Wollaston, 
is described at length in‘the 4th i: bc of Dr. bina 8 
see of Philosophy. : 

“On examining some ore of haetiids bibaghit™ 85h: fhe 
pes mines of Brazil, Dr. Wollaston has lately discovered 
init small fragments of native palladium, which appear to 
_ be free from admixture with every other metal, except a very 
minute portion of iridium. These fragments differ from 
the grains of platina, in being formed of fibres, which are 
in some degree divergent from one extremity. This external 
character The Wollaston deems sufficient for distinguishing 
the metal in situations, where recourse cannot be had to 
experiment *. 

Mr. Cloud, assay master of the American ate has, also, 
discovered palladium in a native alloy of gold’ with that 
metal}. The alloy contained no other metal, and was per- 
fectly free from its common ingredients, copper and silver. 

Those who may wish to examine ‘palladium, may now 
_ procure it in a metallic state at cage eae ; Poster: 
lane, London. rere 

4. The following are die iipbreiis wlof merrenee ef 
' (a) Its colour resembles that of platina, except that it 
is of a duller white. It is malleable and ductile. Its specific 
gravity varies from 10.972 to 11.482. - Its power of conducting. 
caloric is nearly equal to that of Memon: which it rather 
esd Sati Pes in expansion by heat. . : | 


* Philosophical Transactions; 1809, > 0-74 Ann, de Chim. 99. 
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~ (b) Exposed in an open’ vessel, to a greater degree of 
heat than is required to melt gold, no oxydizement ensues ; 
and no degree of fusion takes place. . On increasing the 
fire considerably, a melted button is obtained, and the spe- 
cific gravity is increased to 11.871. The metal, in this state, 
has. a greyish white colour. Its hardness exceeds that of 
wrought iron. By the file it acquires the brilliancy of ee 
tina; and.is malleable to a great. degree. 

- Berzelius has shown that 100 parts of pidladian unite 
with 14. hae sini of oxygens’ Hence the oxide consists of 


uno! arradi wf Palladinny dt. -» 87.56 
| Oxygen... .. api opined eh oo 


vas Retin Fil ae Eos Meee 100. 


ie wo) Palladium shail bite with nse | ‘The com= 
pound is whiter than the separate metal, and is very brittle, 
It has been investigated by Ber ahs) and shown to be com- 
sin as esr 53 ; : 


_ Palladium ..78.03.... . 100. 
. ~ Sulphur . Wee | Py ial a 2oele 


ee ee Ce ere cee 


100. » 128. 15 


@ It unites asin eaten i fasion, ana a with soda, 
but less remarkably... Ammonia, allowed:to stand over it 
for some days, acquires a blueish tinge, and holds, in solu- 
tion, a small-portion of oxide of palladiiim. 

-(e) Sulphurie acid, boiled with palladium, acquires a 
pedutiful blue colour, and dissolves a portion of the metal. 
The action of this acid, however, is not powerful; and it 
cannot be considered as a fit solvent for palladium. 

_ (f) Nitric acid acts with much greater violence on pal- 
Jadium. It oxydizes the metal with somewhat more diffi- 
culty than silver; and, by dissolving the oxide, forms a very 
beautiful red solution. During this process no nitrous gas 
is disengaged. Nitrous acid has even a more rapid action 


_ on palladium. . From these solutions, potash: throws down 
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an orange coloured precipitate which. is phon a lhy- 
drate. 

(g) Muriatic aii, by being boiled on Batciren eK acts sion 
it, and acquires a beautiful red colour, , 

(k) But the true solvent of palladium is nitro-muriatic 
acid, which acts upon the metal with great violence, and 
yields a beautiful red solution. 

(2) From all these acid solutions. of palladium, & preci- 
pitate may be produced by alkalis) and earths.. ‘These pre- 
cipitates are mostly of a fine orange colour; are partly dis- 
solved by some of the alkalis; and that occasioned by am- 
monia, when thus re-dissolved, has a greenish blue colour. 
Sulphate, nitrate, and muriate of potash, produce an orange 
precipitate in the salts of palladium, as in those of platina ; 
but the precipitates from nitrate of palladium have gene- 
rally a deeper shade of orange. All the. metals,. except 
gold, platina, and silver, cause very copious precipitates in 
solutions of palladium. Recent muriate of tin produces a 
dark orange or brown precipitate, from neutralized. salts of 
palladium, and is a very delicate test of this metal. Green 
sulphate of iron precipitates palladium i in a metallic state ; 
and, if the experiment succeeds, the precipitate is about equal 
in weight to the palladium employed. Prussiate of potash 
causes an olive-coloured precipitate. The prussiate of 
palladium, separated. by a neutral solution of jprussiate of 
mereury;, has the property, when heated to about 500° of. 
Fahrenheit, of detonating,’ with a noise similar to that 
occasioned by firing an equal quantity of gunpowder. _ Hy- 
dro-sulphurets, and water impregnated with sulphuretted 
hydrogen: gas, occasion a dark brown. sediment Stohr solu- 
tions of palladium. 

(k) Palladium readily: combines with: other swothlis: i 
has the property, in. common with platina, of destroying t the 
colour of gold, even when in a very small proportion. —_ 
Thus one part of platina, or palladium; fused with six: of 
gold, reduces:the colour, of the: guid — to ay a the 
white metal: employed. 

Dr. Wollaston has furnished: an: alloy of gold sit nee 


w 
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dium for the graduation of the magnificent circular instru- 
ment, constructed by Mr. Troughton, for Greenwich ob- 
servatory. . It has the appearance of platina, and a degree 
of hardness, which igasnian fits it for receiving the gradua- 
tions. . .. 


———— 
SECTION VI. . 
Lridium and Osmium. 


Wuen the ore of platina has been submitted to the action 
of nitro-muriatic acid, a part remains undissolved, in the. 
form of a black powder, resembling plumbago. In this 
substance, Mr. Tennant has lately discovered two new me- 
tals. ‘The process, which he empire to separate ee 
was the following: 

I, 1. The powder was fused in a silver crucible with 
pure soda, and the alkali then washed off with water. It 
had acquired a deep orange or brownish yellow colour, but 
much of the powder was undissolved. The residue was di- 
gested in muriatie acid, and a dark blue solution obtained, 
which afterwards became of a dusky olive-green; and, 
finally,, by. continuing the heat, of a deep red colour. By 
the alternate action of the acid and alkali, the whole of the 
powder appeared, capable of solution. 

2. The alkaline solution contained the oxide of a tks 
metal, not yet described ; and also a. small portion of another 
metal. When the. solution. was kept some weeks, the latter 
metal separated spontaneously in thin dark-coloured flakes: 
The. acid solution contained both metals also; but princi- 
pally one, which, is not-altered by muriate of tin; is preci- 
pitated. of a dark brown colour by pure alkali; and which 
exhibits, during solution im muriatic, acid, a striking variety 
of colours, arising from variations in its degree of oxtidation. 
From. this property Mr. Tennant terms it rriprum. The 
aii of oxygen in. its: oxide: still: remains to: be deter- 
mined.» 
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3. In order to obtain muriate of iridium, free from the . 
‘other metal, the acid solution (2) was evaporated, and am 
imperfectly crystallized mass obtained; but this, dried on 
blotting-paper, and again dissolved and evaporated, gave 
distinct octahedral crystals. The watery solution of these 
crystals had a deep red colour, inclining to orange. With 
infusion of galls no precipitation aise but the colour 
almost instantly disappeared. Muriate of tin, carbonate of 
soda, and prussiate of potash, had the same effect. Pure 
ammonia precipitated the oxide, but retained a part, and 
acquired a purple colour. All the metals, except gold and 
platina, precipitated iridium of a dark Satie from the mu- 
riate, which had lost its colour. 7 

4. Iridium was obtained pure by heating the muriate, 
which expelled both the acid and the oxygen. It was of a 
white colour, and perfectly infusible. It did not combine 
with sulphur or arsenic. Lead united with it, but was se-— 
parated by cupellation. Copper, silver, and gold, were 
severally found to combine with it, and it could not be se- 
parated from the two latter by cupellation we lead. —Its 
other properties remain to be examined. 

IJ. 1. Osmium was procured in the state of an oxide, by 
simply. distilling the alkaline solution, obtained as ‘already 
described (I. 1.), along with any acid. It was even found 
to escape, in part, when water was added to the dry alkaline 
‘mass remaining in the crucible; and was manifested by a 
pungent and peaelits smell, somewhat resembling that’ of 
chlorine gas, from which property its name has been | derived 
The watery solution of oxide of osmium is without colour, 
having a sweetish taste, and the strong smell already alluded 
to. Another mode of obtaining, still more concentrated, 

the oxide of osmium, is by ditillinig’ the original black 
powder with nitre. A solution of oxide of osmium in water 
is found in the receiver, of such strength as to give a stain. 
to the skin that cannot be effaced. ‘The most striking test 
ofthis oxide is an infusion of galls, which presently becomes - 
of a purple colour, and afterwards changes to a deep vivid 
blue. With pure ammonia, the solution becomes somewhat. 
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yellow; and slightly so > with, carbonate of soda, With 
alcohol, or still more quickly with ether, it acquires a dark 
colour, and, after some time, sehanntan i in the form of black 
films... 514 

M. Laugier having observed that. nitro-muriatic acid, 
which has been employed to dissolve platina, emits a strong 
odour of osmium, distilled the liquor, and saturated the pro- 
duct with quicklime; after which, by again distilling the 
liquid, he obtained a quantity of osmium sufficient to repay 
the trouble of the process > 

2. The oxide of osmium, the precise pi toni of which 
is unknown, gives up its oxygen 'to all the metals, excepting 
gold and platina. ‘When its solution in water is shaken 
with mercur y> the solution loses its smell; and the metal, 
combining with the mercury, forms an amalgam. From 
this, much of the redundant mercury may be separated by 
squeezing it through leather, which retains the amalgam of 
a firmer consistence. ‘The mercury being distilled off, the 
osmium remains in its metallic form, of a dark grey or blue 
colour. By exposure to heat, with access of air, it evaporates 
with its usual smell; but, if oxydation be effectually pre- 
vented, it does not seem in any degree volatile. Beingsub- 
jected to a strong white heat, in a cavity made in a piece of. 
charcoal, it is not melted, nor does it undergo any change. 
With gold and silver it forms malleable alloys. These’are 
easily dissolved in nitro-muriatic acid; and by distillation 
give the oxide of osmium with its usual properties. 

3. The pure metallic osmium, which had been previously 
heated, does not seem to be acted upon by acids; at least 
no effect. is produced by boiling it some time in nitro-mu- 
riatic acid. By heating it in a silver cup with alkali, it im- 
mediately combines with the alkali, and this compound 
gives with water, a yellow solution, similar to that from 
which it had been procured. From this solution, acids 
expel the oxide of osmium, having its usual smell, and pos- 


* g9 Ann.de Chim. vol. 191. 
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sessing the property of changing, to a vivid blue the aon | 


Of galls. 


Besides the black powder from which osmium is sheik, 
Dr. Wollaston has discovered a separate ore of these two 
metals, mixed with the grains of crude platina. The spe- 
cific gravity of this ore is about 19.5, and therefore exceeds 
that of crude platina itself, which is only 17.7. The grains 
are about the size of thosé of crude platina, but are consi- 
’ derably harder; are not at all malleable; and appear to 
consist of laming, possessing a peculiar: lustre. 

The discovery of Mr. Tennant, if it had required any 
confirmation, has lately received it from an elaborate inves- 
tigation of Vauquelin, whose memoir is published i in the soth 
voluriie of the Annales de Chimie. 


t 


7 
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SECTION VIL. 
Copper. 


Copper, according to Berzelius, as it is found in com- 
merce, is always contaminated with a little charcoal and: 
sulphur, amounting to about one half of @ grain in 100 
grains. ‘To fit it for purposes of accuracy, it may be dis- 
solved in strong muriatic acid; and, after adding water, 
may be precipitated from: the solution by a polished plate. 
ofiron, ‘The metal, thus obtained, should be washed, first 
with diluted muriatic acid, and then with water, and may 
either be fused, or kept in adivided form. : 

Copper is a metal of a beautiful red colour, and: adtnita ofa 
considerable degree of lustre. Its specific gravity varies with 
the operations to, which it has been subjected: Lewis states 
it at 8.830; Mr. Hatchett' found that of the finest granu- 
lated Swedish copper to be 8.895; and Cronstedt states the 
specific gravity of Japan copper at 9. | 

It has considerable malleability, and may be hammered 

5 
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into very thin leaves. It is, also, very ductile ; a may be 
drawn into wire, which has great tenacity. 

At 27° Wedgwood, copper fuses, and by a sufficient in- 
crease and continuance of the heat, it evaporates in visible 
fumes. 

‘I. 1. Copper is oxydized by air. This may be cian 
by heating one end of a polished bar of copper, which wilh 
exhibit various shades of colour, RoC to the force of 
the heat. 

A plate of copper, exposed for some time to heat, be- 
comes covered with an oxide, which breaks off in scales 
when the copper is hammered. . It is composed of.62 of the 
black oxide and 38 copper. This oxide, when exposed on 
a muffle, is farther oxydized, and assumes a deep red hue. 
Copper is also oxy@ized by long exposure to a humid at- 
mosphere, and assumes a green colour ; but the green oxide 
holds carbonic acid in combination. These compounds do 
not return to a metallic state by the mere application of 
heat; but require, for their use the admixture of in- 
flammable matter. | 

2. Copper does not decompose water, which may ever 
be transmitted, in vapour, through a red-hot tube of this 
metal, without decomposition. = 
_ 3. Copper is susceptible of only two ‘aagiee of oxidize- 
ment ; in its lower stage the compound is red ; when heen 
to the maximum, it'is black. 

The black or peroxide may be obtained, either by calcin- 
ing the scales of copper, which have already been alluded to, . 
under a muffle; or by decomposing sulphate of copper by 
carbonate of potash, and igniting the precipitate; or by the 
simple ignition of the nitrate of copper. It is composed of 


Copper......80......100. 
Oxygen......20...... 25 


ere me 


100. ; 


_ To prepare the protoxide Mr. Chenevix recommends the 
VOL. II. H 


98 METALS. CHAP. XIX 


following process. Mix. together 571 parts of black oxide 
of copper, and 50 parts of metallic copper precipitated 
from the sulphate on an iron plate. Triturate it ina mor- 
tar, and put it with 400 parts of muriatic acid into a phial, 
which is to be well stopped. The copper and its oxide . 
. will be dissolved with heat. When potash is poured into 
this solution, the oxide (or rather hydrated protoxide) of 
copper is precipitated of an orange colour. This oxide, 
when deprived of water, becomes red; but it attracts oxygen 
so strongly that it can scarcely be dried: without absorbing 
more. It is composed of | 


: Coppa. Les Ratt anode: 
ORVOCI Ss sire) bebdiots a tg. Wee 
100, 


II. Copper combines with strong sulphuric acid, in a 
boiling heat, and affords a blue salt;,called sulphate of copper. 
(a) Sulphate of copper is a regularly crystallized salt, easily 
dissolved by water. (J) The solution is decomposed by 
pure and carbonated alkalis.. The former, however, re-dis- 

solve the precipitate. Thus, on adding pure liquid ammo- 
nia to a solution of sulphate of copper, a precipitate appears, 
which, on a farther addition of the alkali, is re-dissolved, 
and. affords a, beautiful. bright blue solution. (c) The sul- 
phate of copper is decomposed by iron. In a solution of 
this salt immerse a polished plate of iron. The iron will — 
soon acquire a covering of copper ina metallic state. (d) _ 
It gives up its acid on the application of heat, without de- 
composition ; and an oxide of copper remains in the retort. 
{e) It is, composed, according to Proust, of. | 


Copper 25.66 forming 
Oxygen 6. fe black ome S 3 ef 
Sulphuric acid vw... ce ee 6 BE 
MY BteP ie! Osh. i ; ee ao 


100 
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Exclusive of water. of | crystallization, Berzelius *, from 
his own analysis; ‘states its composition ‘at’ 


Peroxide of copper ....50.90. 103. 66 
Sulphuric acid ....... 49,10. ++ -100, 


TIgOS TO 2B05) 


sljust describes a vnensdil of copper, formed by sddiog 
_ solution of potash to a solution of the above sulphate. | gpaett 
zelius prepared it by the cautious addition of ammonia, and 
found it, on analysis, to be composed of 


Peroxide of copper......80.,.. . 100 
Sulphuricidcid:.. 5 0... Pk seg oe 


* * —100., 
Including its water of composition the subsulphate con- 


sists of 


Sulphuric acid... .. «.. .21.28;. 
' Peroxide of copper... .64.22 - 
nee WV ers Ohe wok oe, oe 14.50! | 


No sulphate of the protoxide is yet known; for when sul- 
phuric acid is brought into contact with the protoxide, 
one half of the oxide gives up its oxygen to the other half, 
which thus ay ii peroxide and’ unites with sulphurie 
acid. 

Sulphite of cope may be obtained by transmitting a cur- 
rent of sulphurous. acid. gas, (which has been first passed 
through a small: quantity of water, in order to deprive it of 
sulphuric acid) into a vessel. containing water and peroxide 
of copper. A green liquid is formed, which contains sul- 
phite of copper, with a large excess of acid ; and sulphite of 
copper, in very, small red crystals, remains at the bottom 
of the vessel. This salt has been investigated by Chernephi 
and. found to consist of 


* 77 Ann.de Chim, + 83 Ann, de Chih. 181. 
H 2 
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cee Protoxide of copper «, «63.84 
Suiphugaue, acid.. eeees -36.16 


100. 


AI. Canine ‘eee’ to a damp air rusts, and ‘becomes 
covered with sub-carbonate of copper. The same compound 
is still more readily produced by adding carbonated alkalis 
to the solutions of copper. ‘The nitrate of copper, precipi- 
tated by carbonate of lime, affords an apple-green precipitate, 
called Verditer. This substance consists of 


EL RETO. 
‘Carbonic acid. . 30° 
Paneer ss hie ri 
Copper...... ices. OO 
Oxygen ...... 05. 92 


100 


Berzelius observes’ that sub-carbonate of copper differs 
greatly in appearance when precipitated from a cold and 
from a hot solution. In the latter case, its colour is yel- 
Jtowish green; in the former, it is blueish green, and much 
more bulky. It is composed of 


Peroxide of copper ..71.7 
Carbonic acid......19.7 
‘ Water .....s0. eee 8.6 


100. 


' JV. Copper dissolves readily in diluted nitric acid ; and 
nitrous gas, holding a little copper in solution, is evolved in 
great abundance, ‘The salt, resulting from this combination, 
has the singular property of detonating with tin. When 
to the solution of this salt, or of any other salt of copper, 2 
solution of potash is added in sufficient quantity, a blue 
powder is precipitated, consisting of the per-oxide of copper 


combined. with water. This substance has been called by. 


'  # 83 Ann. de Chim. 181, 


* 
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Pr ak, ey of . copper; ; but; more properly, by Mr. 
Chenevix, hydro-oxide of copper. When collected on a 
filtre, and dried at a heat below that of boiling water, it 
shrinks somewhat like alumine; but still retains its colour. 
At a higher temperature it is decomposed, its water being 
dissipated, and the black oxide only remaining, in the pro- 
portion of 75 parts from 100. ‘This oxide cannot be brought 
to combine with water again by merely moistening it. 

_ Nitrate of copper is decomposed, but not entirely, by car- 
bonated alkalis; for, after their full effect, Berzelius found 
that a precipitate is still occasioned, by adding water im- 
pr ees with sulphuretted hydrogen. 

‘This salt is constituted, according to Berzelius, of 


Porat of copper......67.22 
Nitric acid is tk vie deer ese 


100. 


A sub-nitrate of copper is, also, described by the same 
chemist*. It may be obtained either by.carefully heating 
the nitrate; or by adding a small proportion of potash or 
ammonia to its solution. © 

V. Concentrated and boiling muriatic acid acts on 1 finely 
divided copper; and a green solution is obtained. In this 
salt the copper is oxydized to its maximum, and the salt 
may, therefore, be called, for the sake of brevity, permuriate 
of copper. It is very soluble in water,’ and generally deli- 
quescent. By careful evaporation and cooling, the salt 
crystallizes in’ rhomboidal prismatic parallelopipeds, which 
are readily soluble both in water and alcohol. It is com- 

ie as Proust has stated, of 


Black oxide of copper......40 
Muriatic acid.,.......+..+.24 
Waters fo See a ee igs 


wee 


4 ot ihe 100 


* 82 Ann de Chim, 250. 
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“TExelbsite ier Berzelius states its etwas: to be 


Per oxida! of copper » in HOB 
 Mamiatic acid. «044 +0,54+ +402 


eee 


SHE 


“The fens sonaid of muriate si dopper ‘fitine a ‘kind 
of sympathetic ink. Characters written with it become 
yellow by ee and again disappear when the paper 
. cools. 

~ By digesting a dc teen of pdiishiniase of copper with 
filings of the metal, it is converted into a muriate of protoxide — 
or pro-muriate ; the fresh portion of copper being oxydized. 
at the expence of what was previously held in solution, 
The solution of this salt is precipitated by merely pouring 
it into water. By exposure to air, It acquires oxygen and 
is converted into the per-muriate, Alkalis throw down an 
orange precipitate. It consists of 


Copper . 65.80: forming die: 
Oxygen... 8.08 sub-oxide } 73:88 | 
OSCR Hhis act aa hes + 26,12 


| Wits (Rt 100. 

By the combustion of copper in chlorine gas, two come 
pounds ate produced at the same time, one of which is a 
fixed easily fusible: substance, resembling common rosin; 
the other a yellowish sublimate. ‘The first, composed of 60 
copper and $8.5 chlorine, and: called by Sir H. Davy cu- 
_ prane, is insoluble in-water, but becomes green by exposure 
to the atmosphere, The second, called: cupranea, dissolves 
in water, and gives it a greenish colour; and is composed 
of 60 copper to 67 chlorine. Its solution.i is identical with 
per-muriate of. copper ; ; for even though. it be admitted, 
-according to the view of Sir H. Davy, to be a compound: 
of chlaine and metallic copper, yet during solution it will 
decompose. water, and. echt a. true muriated ond of 
copper. | 


~~ 
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VI... When: corroded by long continued exposure to.the 
fumes of vinegar, copper is converted into verdegris.—The 
verdegris of commerce’ consists partly of an acetate, soluble 
in water, and partly of a sub-acetate. By solution in dis- 
tilled vinegar and evaporation, it forms regular crystals, 
which are completely soluble in water.—These, distilled 
alone, yield concentrated acetic acid, and a combination re- 
mains in the retort, containing, in 90 parts, 


4.50 charcoal 
78.66 copper 
6.84 oxygen 


aS 


100. | i 


__ VII. When the muriate of copper is mixed with a solu- 
tion of prussiate of potash or of lime, a beautiful reddish 
brown precipitate of ferro-prussiate of copper is obtained, 
which has been recommended by Mr. Hatchett as a pig- 
ment. Tincture of galls throws down, from all the solutions 
of OP REY» a dull yellow precipitate. 

VIII. Copper combines with sulphur. When a mixture 
of three parts of the metal, in the state of fine filings, with | 
one part of sulphur, is melted in a glass tube, at the moment 
of combination, a brilliant inflammation ensues, exceeding, 
in brightness, that produced by the fusion of iron and 
sulphur. : 

Copper leaf, Berzelius observes *, ‘burns in gaseous sul- 
phur, as brilliantly as iron wire in oxygen gas, A compound 
is formed, precisely analogous to ekg native RABBIS of | 
coppers: and. doinposddr of 


~ Copper .. Redon oe BOC euro KOO! 


is _ bulphur Baa! OA ee GH at 


* 79 Run. Ch. 250. See also Vauguelin on the Artificial Sulphur 
of pric vol. 80, p. 265. 
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This is the only combination of copper and sulphur, that 
has yet been discovered. — 

- Copper unites, by fusion, with phosphorus. The phos- 
phuret is white, brittle, and of the specific gravity 7.122. 
The analysis of Pelletier gives 20 per cent of phosphorus. — 

IX. Ammonia readily dissolves the oxides and hydro- 
oxides of copper. Nothing more is necessary than to digest 
them together in a phial. The solution has a beautiful deep 
blue colour. By evaporation in avery gentle heat, fine blue 
silky crystals may be obtained, 

X. Copper combines readily with most of the metals, and 
affords several compounds, which are of great use in the 
common arts of life. Tutenag is a white alloy of copper, 
zine, and iron. Copper a about a fourth its weight. of 
lead forms pot-metal; with about the same proportion of 
zinc, it composes brass, the most useful of all its alloys. 
Mixtures of zinc and copper form, also, the various com- 
pounds of Tombac, Dutch Gold, Similor, Prince Rupert's 
Metal, Pinchbeck, &c. Copper with tin, and sometimes a 
little zinc, forms bronze and Lell-metal, or gun-metal. And 
when the tin is nearly one third of the alloy, it is beautifully 
white and takes a high polish. It is then called speculum- 
metal, 


——a_— 


SECTION VIII. 
’ irae 


Iron has a blueish white colour, and admits of a high de- 
gree of polish. It is extremely malleable, though it cannot 
be beat out to the same degree of thinness as gold or silver. 
It is much more ductile, however, than those metals; for it 
may be drawn out into wire as fine as a human hair; and 
its tenacity is such that a wire only ,38,ths of an inch in 
diameter is capable of supporting a weight of nearly 550)b. 
Its specific gravity varies from 7.6 to 7 8. 


we 
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Iron is one of the most infusible of the metals. Its melt- 
ing point is about 158° of Wedgwood. Its chemical 
properties are the following: 

J. 1. When exposed to the atmosphere, especially vite 
the air is moist, it slowly combines with oxygen, or, in com- 
mon language, rusts. If the temperature of the metal be 
raised, this change goes on more rapidly; and, when made 

‘intensely hot, takes place with the appearance of actual com- 

bustion. ‘Thus the small fragments, which fly from a bar of 
iron during forging, undergo a vivid combustion in the at- 
mosphere; and iron filings, projected upon the blaze of a 
torch, burn with considerable brilliancy. The oxide, obtained 
in these ways, is of a black colour, and is still attracted by 
the magnet. z 

The same change is more rapidly produced, when ignited — 
iron is brought into contact with oxygen gas. A eid com- 
bustion bicarhpdr as already described in the chapter on that 
gas. Lavoisier made many experiments to ascertain the in- 
crease of weight, acquired by the iron, and concluded that 
on an average, 100 parts of iron condense from 32 to 35 

parts of oxygen. Dr. Thomson, however, on repeating the 
experiment several times, did not find that 100 parts of iron 
absorbed more than 27.5 of oxygen; but he observes, that 
it is almost impossible to collect the whole product; and that 
Minute portions are dissipated in sparks *. 
2. By contact with water at the temperature of the atmo- 
sphere, iron becomes slowly oxidized, and hydrogen gas is 
evolved. When the steam of water is brought into contact 
with red-hot iron, the same change‘is Heddidad with much 
greater rapidity; the iron is converted into the black oxide; 
and a large quantity of hydrogen gas is set at liberty, and 
may be acliscted by a proper apparatus. ‘The iron is found 
to have lost all its tenacity, and may be crumbled down into 
a black powder, to which the name of finery cinder was given 
by Dr. Priestley. In composition, it does not appear to dift 
fer from the oxide of iron obtained by the action of atmo- 


_ * 2% Nich, Journ. 881. 
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spheric air, and is strongly magnetic. By a careful repetition 
of the process, Dr. Thomson found that 100: grains of iron, 
ignited in contact with the vapour of water, acquire 29.1 
grains of. oxygen. 

3.. When ironis dissolved in diluted Aleta acid, the acid 
is not decomposed; but the metal is oxidized at the expence 
of the water, and- hydrogen gasis obtained in abundance. 
Now as water is composed of two volumes of hydregen and 
‘one of oxygen, a quantity of oxygen, equal in volume to half 
the hydrogen gas obtained, must have combined with, the 
metal; that is, for every 200 cubic inches of hydrogen, oxy- 
gen equal to 100 cubic inches or 83.8 grains, must have 
united with the metal. Dr. Thomson, from an experiment 
of this kind, daleilatert that 100 grains of iron, after the 
action of dilute sulphuric acid, dau gained, 27.5 of oxygen. 
It is to be considered, however, that the purity of the iron 
employed will materially affect the result; for if the iron con- 
tain charcoal, as is always the case, carburetted hydrogen 
gas will be mixed with the hydrogen; and the hydrogen in 
this gas being in a condensed state, the apparent will be less 

than the sal quantity disengaged, 

Iron, by the different processes which have been deacriised 
is converted into an oxide, of a black colour, and still.re- 
taining the magnetic property. Its composition has been 
the subject of a series of experiments by Bucholz, who con- 
cludes that 100 parts of iron, to become the: black oxide, 
condense 29.88 parts of oxygen; and Dr. Wollaston assumes 
the oxygen to be 29 parts. Berzelius’s determination differs 
but little from these, viz. of | 


4 EON isi shes EOD tl 100. P ial ' ‘7h 
Oxygen... ee 201 eeveee 29. 5 f 


ad sta 100. cantly 


When the oxide of iron, which has just. been described, 
is dissolved in nitric acid; then boiled for some time; and, 
after being precipitated by ammonia, is washed, dried, and 
_ calcined in a low red heat, it is found to be converted into a 


2 
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red oxide. This, according to Bucholz, is composed of 100 
parts of iron and 42 of oxygen; or according to Dr. Wollas- 
ton of 100 metal and 43.5 oxygen; but Berzelius states its 
composition as follows; cals 


Tron... ..- 69-3400 0+ 0100. 
Oxygen» «++ 30-66. 0. 010° 5 A425. 


100. 


. The existence of these two oxides, and the proportion of 
their ingredients, is clearly established. But besides these, 
it has been attempted to be proved that there is another ox- 
ide of iron. Thenard contends for. a compound, containing 
less oxygen than the black oxide, viz. 25 parts to 100 metal; 
a second composed of 37.5 oxygen to 100 metal; anda third 
of 50 to 100 metal. And Gay Lussac, also, supports the 
notion of three oxides with proportions differing from those 
of Thenard. The first is that, which is obtained by dissolv- 
ing iron in diluted sulphuric or muriatic acid, out of the 
contact of air, Itis precipitated white by alkalis, and by 
ferro-prussiates, and is composed of 100 iron and 28.3 oxy- 
_gen. The second is obtained when iron is oxidized by the’ 
' vapour of water or oxygen gas, and consists of 100 iron and 
37.8 oxygen. ‘The third is the acknowledged red oxide, 
- which is composed of 100 iron and 42.31 oxygen *, 
It is probable, however, that the only known oxides are 
the two, the composition of which has already been stated 
on the authority of Bucholz, Wollaston, and Berzelius. 

There appear to be two hydrates or hydro-oxides, corre- 
sponding to these two oxides of iron, which are obtained 
whenever we precipitate their respective solutions in an acid, 
by a fixed alkalj. ‘The hydrate of the black oxide is white, 
with a tinge of olive or green; that of the red:oxide is orange 
coloured. ‘The former hydrate passes to the latter, by ex- 
posure: to the rene Nee it has been shown by 


* 80 sean de Chim. 163. 
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Leidbeck, is a native hydrate of the red oxide, mechanically 
mixed with earthy ingredients; but, exclusively of them, 
composed of 20.2 to 25 water, with 60 to 62 oxide of iron*. 
The preparation of a pure hydrate of iron was found by 
Berzelius to be attended with great difficulty. 

It may be remarked, on comparing the composition of the 
two oxides of iron, that the oxygen of the red is not a mul- 
tiplication of that of the black oxide by an entire, but by a 
fractional number; for 29.5 x 14 = 44.25. This anomaly, 
as was observed in the account of the principles of the atomic 
system, is best got over by multiplying by 2 the numbers 
(1 and 14), expressing these proportions, which will make 
the ratio of 29.5 to 44.25 the same as that of 2 to 3. We 
are thus, however, led to the supposition, that thereis an 
oxide inferior to the black oxide in its proportion of oxygen; 
and. which, from theory, should consist of 100 iron and 14.75 
oxygen. The black oxide contains a quantity of oxygen, 
which is a multiplication of 14.75 by 2, and the red by 3. 
And if the supposed protoxide be constituted of an atom of 
metal and an atom of oxygen, the weight of the atom of iron 
will be about 50, for as 14.75 to 100 so is 7.5 to little more 

than 50. * 
Until this difficulty is cleared up, we may, nececritie give 
_ the name of protoxide to the black oxide of iron; and the 
red compound of iron and oxygen may continue to be called 
the peroxide. . 

If. Whenever diluted sulphuric acid is made to act on 
iron, we obtain a compound of that acid with the protoxide. 
_ The solution, by evaporation, yields rhomboidal prismatic 
~ erystals, which have a beautiful green colour. They have a 
strong styptic taste; redden vegetable blue colours; and 
are soluble in about two parts af cold and 3ths their weight 

_ of boiling water. The solution is precipitated of a iséciitah 
white by alkalis, and white by prussiate of potash. The — 
crystals, when distilled, are decomposed, and yield a strong 
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fuming acid, called glacial sulphuric acid, The acid, in this 
salt, is to the oxide, in the proportion of 100 to 88, and itis 
composed, according to Berzelius, of ! 

Sulphuric acid ........6...28.9 


Protoxide of iron.........-25.7 
Watery | ots bold oly eieleid alga 45.4 


. / , 100. . 

When a solution of green sulphate of iron is heated with 
access of air, part of the protoxide passes to the state of per- 
oxide, and, combining with a portion of acid, falls down in 
the form of a yellow powder, which, according to Berzelius, 
isa sulphate of the peroxide with excess of base, or a sub- 
sulphate. The acid in this compound is to the base, as 100 
t@ 266, and it is therefore composed of - 


Sulphuric MOI Ee as RNB FBS 
Peroxide of iron oie. ob el Ga 


100. 

No sulphate of protoxide with excess of acid is yet known. 

The farther oxidation of the iron in the green sulphate is 
effected more expeditiously by boiling its solution with some 
' nitric acid, and evaporating to dryness, care being taken not 
to raise the heat so as to expel the sulphuric acid. Water, 
added to the residuuin, dissolves a salt, which is composed 
of sulphuric acid and peroxide. The solution has a yellow- 
ish colour; does not afford crystals; but when evaporated 
to dryness, forms a deliquescent mass, which is soluble in 
alcohol, and may thus be separated from the green sulphate. 
Its solution affords a blue precipitate with ferro-prussiate of 
potash. This salt has been called, but not with strict pro- 
priety, oxy-sulphate. Its legitimate name would be sulphate 
of peroxide of iron; but, as this is inconvenient from its 
. length, it may be called the red sulphate of iron. It consists, 
HTS to Berzelius, of 


- Sulphuric acid...... -.60.44..... 4-100. _ 
Peroxide of iron......39.56....... 65.5. 


100. . 165.5 
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The sulphurous acid, ‘also, unites with iron and forms a 
sulphite; and this sulphite, taking an additional quantity of © 
sulphur, composes a sulphuretted sulphite. The’ precise © 
composition of these salts remains to be determined. 

III. Nitric acid, in its concentrated state, scarcely acts 
upon iron, but; when diluted with a small quantity of water, 
it dissolves iron with great vehemence; and with the extri-. 
cation of a large quantity of impure nitrous gas. ‘The so 
Intion, at first, is a deep green, but when nearly saturated 
assumes ared colour. It is not cry stallizable, eave when 
evaporated, forms a deliqueseent mass. 

The nitrate of iron, it was long ago shown by Sit ‘HA. 
Davy, may exist in two different states, the green nitrate in 
which the oxide is at the minimum of als gt and the red, 
in which it is at the maximum. ee Reet 

To obtain nitrate of iron, in which ‘the oxide is at the 
minimum, acid of the specific gravity of 1.25 or less must be 
used ; the iron must be added in large pieces, and at distant 
intervals; and the operation carried on without the access of 
air. When this solution is made on a large scale. for the 
purposes of the dyer, it is proper to connect the vessel, in 
which it is prepared, with a large receiver; for, in the latter, 
a quantity of nitrous acid will be found, ‘which is worth the 
trouble of collecting. Nitrate of iron, thus prepared, passes, %, 
on exposure to the ‘atmosphere, to the state of that in which 
the oxide is at the maximum. The composition of these. 
two nitrates has not yet been accurately determined. 

IV. Muriatic acid dissolves iron and its oxides with great — 
ease; and affords two distinct salts, differing from each other 
according to the state of oxidation of the metal. The mu- 
riate containing the black oxide is green, and that containing 
the oxide at the maximum red. Both these salts are deli 
“ -quescent, and cannot be brought to crystallize. seh 

The greef muriate is a into the red by simple , 
exposure to the atmosphere. Berzelius describes an inte- 
resting experiment founded on this property. Ifa solution 
of the green muriate be exposed to the atmosphere, in a tall 
cylindrical glass jar, for some days, and a few drops of pure - 
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ammonia be introduced at different depths by means of a 
_ tube, the precipitate formed near the surface will be green ; 
a little lower blue; stilllower greyish; then ofa dirty white; 
and at the bottom perfectly white, if time has not been al- 
lowed for the atmospheric oxygen to penetrate so low. 

When the solution of green muriate is evaporated dry, 
and the residuum is heated to redness, a compound is ob- 
tained which, according to Dr. John Davy’s experiments, 
is composed of iron and chlorine. During ignition, the oxy- 
gen of the oxide and the hydrogen of the muriatic acid, are 
supposed to unite and form water, while the chlorine com=- 
bines with the metal. ‘The erm ie is termed ae Dr. 
Davy ferrane. It consists of | 


Ghilorine . - 6 + 153.2es 00» oie LOD, 
| Tron. ain aheth eeeaebse vs we at 88. 
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When iron wire is burned in chlorine gas, a substance is 
formed of a bright yellowish brown colour, and with a high 
degree of lustre; volatile at a temperature a little above 
212°, and crystallizing in small iridescent plates. It acts 
violently on water, and forms a solution of the red muriate. 

It is oreo of 


Chlorine......66.1......100. 
Tron mesa es esta oosnes (OL 


Joorssnlh Sy ge Re 


V. Iron may be united, in the way of double elective affi- 
nity, with the ferro-prussic acid*. ‘Thus, when ferro-prus- 


siate of potash and iron and sulphate of iron, both in solu- . 


tion, are mixed together, the ferro-prussic acid and oxide of 
iron quit their former combinations and unite together. 
The beautiful blue precipitate is ferro-prussiate of iron. . 


* The prussic acid and ferro-prussi¢ acid (or ferruretted chyazic acid of 
Mr. Porrett) will be described in the chapter on Animal Substances. 
" : 


° at 
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(a) Ferro-prussiate of iron is nearly insoluble in water. 

(4) It is not soluble in acids. 

(c) It is decomposed by a red-heat, the ferro-prussic acid 
being destroyed, and an oxide of iron remaining. 

(d) It is decomposed by pure alkalis and ial ahich 
abstract the ferro-prussic acid, and leave the iron in the 
“state of peroxide. Thus, when pure potash is digested with. 
ferro-prussiate of iron, its beautiful blue colour disappears, 
and: we obtain a combination of potash and ferro-prussic 

acid. It has been considered as a triple compound of prussic 
acid, potash, and iron; but, according to the new views of. 
Mr. Porrett, it is a binary compound of ferro-prussic acid 
and peroxide of iron. 

Mr. Porrett has ascertained its composition to be as follows: : 

19.33 Protoxide of iron 
34.05 Prussic acid 


Peroxide of iron serving as a base .......... 35.00 
Water he a eeenon mld a hv 'a ist ofa nah ganda Rp 


} forming ferro-prussic acid 53.38 


100. 


_ In Nicholson’s Journal (4to. iv. 30. 171), I have given an 
improved process for pr eparing the ferro-prussiate of potash. 
The following, after trying various modes of preparation, I 
find to afford the purest test. 

1. To a solution of potash, deprived of its carbonic acid | 
by quicklime, and heated nearly to the boiling point, in an 
iron kettle, add, by degrees, powdered Prussian blue till its 
colour ceases to be discharged. Filter the liquor, and wash 
the sediment with water till it ceases to extract any thing; 
let the washings be all mixed together, and placed in an 
earthen dish in a sand-heat.— When the solution has become 
hot, add a little diluted sulphuric acid, and continue the heat 
for about an hour. A copious precipitate will be formed of 
Prussian blue.—Let this be separated by filtration, and assay 
a small quantity of the filtered liquor in a‘wine glass, with a. 
little dilute sulphuric acid. . If an immediate production of 
Prussian blue should still take place, fresh sulphuric acid 
must be added to the whole liquor, which must again, with 

. 3 
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this addition, be: éxposed to Heide These iltrations and ad- 
ditions of sulphuric! acid miist be repeated | as long as any 
considerable quantity of Prussian blue is wrodticeds but 
when’ this ceases, he quot may finally be passed through a, 
filter, 19 0 4 A, 
he Prepare a solution of sulphate of copper in about ue 
or six times its weight of warm water, and into the solution 
(1) pour this, as long as a reddish bra own or copper-coloured 
sediment continues to appear. Wash this sediment, which 
is a ferro-prussiate of copper, with repeated affusions of warm 
water; and, when these come off colourless, lay the precipi- _ 
tate on a linen filter to drain, after which i it may Hi dried on 
a chalk-stone. 

3. Powder the precipitate, when aay and add it by de- 
grees to a solution of pure potash, prepared as described, 
vol. i, page 206. The ferro-prussic acid will leave the oxide 
-of copper and pass to the elninagh forming a ferro-prussiate 
of potash. 

4, Butas the salt still contains sulphate of potash, a por- 
tion of this may be separated by gentle evaporation, the 
sulphate erystallizing first. To the remaining liquid, add a 
solution of barytes in warm water (vol. i. page 245) as long 
as a white precipitate ensues, observing not to add more after 
its cessation. The solution of prussiate’ is now free, in a 
great measure, from iron, and entirely from sulphates; and, 
by gentle evaporation, will form, on cooling, beautiful crys- 
tals.. These crystals are, perfectly neutral; insoluble in 
alcohol; are not decomposed by boiling, or by the contact 
of ie boitil acid; and give Prussian blue with solutions of 
peroxide of iron. | 

For the vegetable alkali, oittier saat or ammonia may Be 
‘substituted in the above process, if they be preferred. Ifa 
sufficient quantity of pure barytes cannot be had, the sulphate 
may be precipitated by acetate of barytes. The acetate of 
potash, thus formed, not being a wthnseniey wil remains 
in the mother-liquor. 

(e) When the ferro-prussiate of potash is mixed with sul- 
phate of iron, in which the metal is oxydized at the mini- 

VOL. I ? I , 
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“inum, the ferro-prussiate of iron that is formed ‘is of 4 white 
colour, but gradually becomes blue, as. dint iron, bylexposure 
to air, passes to the state of peroxide*) 5 Fis 
(f) The effect of a sympathetic ink may be obtained, by 
writing with a pen dipped in a very dilute solution of ferro- 
prussiate of potash. No characters will appear till the'paper 
is moistened with sulphate of iron, when letters of a Prussian 
blue colour will be apparent, ‘The experiment ‘may be re- 
versed, by writing with sulphate of iron, and apis the 
characters legible by prussiate of potash. Cort 
- (g). The fervospatianiate of potash decomposes all angie 
solutions, excepting those of gold, platina, iridium, schicienenarg 
rhodium, tellurium, and antimony +. | Ve EATES 
VI. When sulphate of iron is mixed with an infusion of 
galls, we obtain a black solution, which is a new combination 
of: oxide of iron, with the gallic.acid and tan. . Both the 
gallate and tannate of iron are, therefore, essential constitu- 
ents’of inks; the other ingredients of which are chiefly added 
with the view of keeping these insoluble compoundssuspended. 
In order that the iron may unite with the gallic acid and 
tan, it must be combined with the sulphuric acid in the state _ 
of red oxide; for the less oxydized.iron, in the green salt, 
does not form a black compound with these substances, Iron 
filings, however, dissolve ir an infusion of galls with an ex- 
trication of hydr ogen gas; but the compound is not black. 
till after exposure to air, which oxydizes the iron still farther. 
‘This solution, with a nian ipeoitie of gum, i ein an 
excellent ink, 9 3..." Hat 
~ On the same pr inciple may be explained the effect of mie- 
- tallic iron in destroying the colour of ink. When’ ink ‘is 
digested with iron filings, and frequently shaken, its colour 
deve: and it also becomes colourless after having a stream 
of sulphuretted hydrogen gas passed through it. In both 
these cases the oxide of iron is partly deoxydized. Characters 
written with ink, after this treatment, are at first illegible, 
but ee a as the iron ae onygen from the air. 


¢ ‘See Proust's 1 memoir, in 1N icholson’ S J ournal, 
+ See Proust, Philosophical Magazine, xxx, 42. 
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» (a) ‘Write upon paper with an infusion of galls. The 
characters will not be legible till a solution of sulphate ofiron | 
is applied. . This elo epi may, be reversed like ‘the 
preceding one (V.f)s. 

(b) The combination oti iron, Pinte isle is Dusie dees by 
pure and carbonated alkalis. Apply a solution of alkali to 
characters written with common ink, the blackness will dis- 
appear, and the characters will become dali an oxide of 
iron only remaining on the paper. 

Alkalis, added cautiously to liquid. ink, ' pretipitate the 
black combination; but an excess re-dissolves the precipitate. 

»(c), Characters, which have been thus defaced, may again 
be rendered legible by an infusion of galls, 

(d) Ink is decomposed by most acids, which separate the 
eine of iron from the gallic acid in consequence of a stronger 
.affinity.. Hence ink stains are removed by dilute muriatic 
acid, and by some vegetable acids. Hence, also, if to'a sa- 
-turated solution of sulphate of iron there be added an’ excess 
of acid, the wiaicibiae no igviges apnea on siping infusion 
-of galls. 

When a mixture. of ink is iota wish nitric bed: the 
perce oxalate of iron is tig and is iidtaachig on ii 
pure ammonia. 

(e) Ink is decomposed by age, sted in: consequence of 
the farther oxydation of the iron, and partly, perhaps, in 
consequence of the destruction of the acid of galls, Hence 
ink-stains degenerate into iron-moulds, and shapes last are 
immediately produced on an inked spot of linen when washed 
with soap, because the alkali of the soap abstracts shapes 
acid, and leaves only an oxide of iron. 

(f). Ink is decomposed by oxy-muriatic wands ABaiols de- 
stroys the gallic acid, and the resulting muriatic acid dissolves 
the oxide of iron. 

_ As all writing. inks, © into the bifida of which i iron 
enters, are liable to decay by time, and to be- destroyed by 
various agents, an ink has been proposed by Mr. Close, the 
basis of which is similar to that of printing ink. —Take oil of 
lavender 200 grains, gum copal, in powder, 25 grains, and 

4 2 
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lamip-black from 2} to 3 grains. ~ With the: aid of a gentle 
cheat dissolve the copal in the oil of lavenderin asmall phial, 
.and:then| mix the lamp black with the:solution, on)dmarble 


slab, or other smooth surface. Aftera repose of some!hours, _ 


the.ink must be. shaken before use, ‘or stirred with an ‘iron 
| wire, and. if too. thick, must. be. diluted 'with:a little oil ofila- 
vender *.. This ink I have found extremely useful in‘writing 
dabels for bottles. which contain al 08: which | are pees 
ke acid fumes ina laboratory, } mt Toye pitied coe 
VIL. The phosphoric acid: acts. wait int little: energy tipon 
iron; ‘though: a native compound of this acid. and iron im- 
parts, to some varieties of the metal, the singular property 


of being very brittle when cold, or,:as it is.called, cold-shoré. ° 


, ’The phosphate of iron is almost insoluble in water. | It is 
-best,prepared by mixing the solutions of green sulphate of 


dron and phosphate.of soda. A yellowish white precipitate _ 


_is formed, which. is: soluble in many of the aan and. preci- 
tated, without change by ammonia.» i 

»'The' oxy-phosphate of iron is, also, an frisclobl sation It 
may be formed by mingling the solutions of phosphate of 
- soda and oxy-sulphate of iron. Its colour isa light blue. 
Both these preparations have lately derived some importance, 
from being recommended as remedies of cancer. s 

. VII. The succinic acid eomposes with iron a brown mass, 
insoluble in water. ‘The combination is best effected by 
double decomposition, and especially by the addition of a 


solution of succinate of ammonia to the salts of iron. A loose . 


brown red precipitate of succinate of iron falls down. ‘This 
‘precipitate Klaproth exposes to heat, first by itself, and after- 
wards mixed with a small quantity of linseed oil. The first 
operation destroys the acid, and the second reduces the metal 

to the state of black oxide. Now-as the black oxide con- 
" tains, in 100 parts, 70.5 of metallic iron, the precipitation of 
a solution, by succinate of ammonia, affords a ready method 
of estimating the quantity of iron in sia solution pe = 
metal, or in any of its salts. 


es 


- = * ee SaanaaEnenene ie 
* See Nicholson’s Journal, 8vo. ii. 145. 
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iI Xso'The acetic acid, or even common vinegar; acts slowly 
upon iron, and forms:a' ‘solution; which is of great. use in 
dyeing and calico-printing. «The acetite of !iron'may, also; 
be obtained’ by: a double decomposition, : ifcwe mingle ‘the 
solutions: of acetite’of lime or oflead with one of sulphate‘of 
iron ‘It may be formed; also, by boiling acetité of lead with 
metallit iron, which precipitates the: lead m a metallic: state, 

This: combination of iron ‘with acetous acid may: exist 
Like its'other salts; iv:'twordifferentstates.,'s In: the,one, the 
oxide is at the minimum, and in’ the other at' the maximum 
of oxidation. It is the latter salt only, which is adapted to 
the use of the dyer and calico-printer... >" 

X. Tron is dissolved: by water impreanated with eit. 
acid. A few iron filings, when added to a bottle of aérated 
water, and occasionally shaken up, impregnate the water with 
. this metal. This solution is decomposed ed Doug > and in 

a less degree by exposure to air. — 

XI. Iron combines with sulphur, and affords comets, 
_ the characters of which vary greatly aeedrding to the pro- 
portions of their components. . ‘(a) A paste “of iron filings, 
sulphur, and water, if in sufficient quantity, will burst, after 
some time, into flame. (l) A mixture of one part of iron 
filings*and three" parts of sulphur, ‘accurately mixed, and 
_ melted in @ glass tube; at the moment of union: exhibits:a 
_ brilliant combustion: ’ The best'method; however, 'of effect+ 
ine ithe combination® of iron and ‘sulphur is'to take acbarcof 
the® metal, while ofa glowing heat, from a smith’s forge,: and 
to-rub it witha rollof sulphur. Fhe’ ‘compound: of iron'and 
pees falls down in’ tops; ese ern be'} (hypo vedi ina chores 


attording’ pliner slisieidoc hydrogen: gas aie diluted 
‘acids! (ey) ‘The sulphuret' of" iron, wheti moistened, rapidly 
deconiposés' oxygeri ‘gas, and passes td: the state of ' sulphate. 
(a) When diluted stilphurie‘ormuriaticacid is poured on it, 
we'obtain sulphuratted hydrogen’ gas’ Wp # Brlisinos Intakt ’s: 
tn the-sulphuret; “mhade artificially by fusion; aswell asin 
the ‘native! sulphuret; ‘iror (it has beémshown! by Proust:and 


Mii Matchett) i9tn the setallic\ states? "Pwo: eo tipertindl, 
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also, have been proved to exist, the one with a larger, the 
other with’ a smaller proportion of: sulphur. - The former 
may be called the superesulphurets and. the latter, whichis - 
distinguished by the property of being’ magnetic; the sul- 
phuret. The super-sulphuret is known. only as a natural 
product; it is not magnetic ; is nearly insoluble in. diluted 
sulphuric and muriatic acids; and gives no sulphuretted hy- 
drogen gas with acids. But the sulphuret is readily soluble, 
obeys the ma shet, and gives abundance of sulphuretted vi 
ni a with dilute ret It is aes grees ho ra 
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oT hugh the artificial sailaieisiat varies in its corn sdbeets 
wet it is probable that these varieties are occasioned by the 
sulphuret being mechanically mixed with different propors 
tions of iron, The foregoing appear to be the only well as- 
_ certained and definite compounds; and the analysis of them 

‘by Berzelius, it may be observed, agrees very nearly with 
that of Proust, and indeed does not differ, in either case; one 
“per'cent. Ifthe sulphuret be, a3 is consistent with all-we 
knowat present, that compound in which sulphur exists in 
the smallest proportion; this would, be unfavourable to the 
‘Rotion of any’ ‘oxide of iron with less oxygen than the black 
oxide. For in almost every other instance, the protoxide: ‘of 
a metal contains a quantity of oxygen equal to half the sul- 
phur in the pro-sulphuret, a coincidence sufficiently explained 
by. admitting’ both. to be | binary compounds, in the sense of 
the word annexed to it by Mr. Dalton, and that the weight 
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of the atom of oxygen is just half the weight of the atom of 
sulphur.. Gay Lussac contends for the existence of threé 
: sphiram corresponding: to his supposed three oxides of 
iron *; but the details of the experiments establishing their 
| existencé remain to be published. ms thas‘ 
XIU. Iron combines with carbon in various eens 
and the variety of pr oportion occasions very different pro- 
perties in: the compound,” On these varieties, and the oc- 
casional combination | ‘of a small proportion of oxygen, 
depend the qualities of the different kinds of iron used it in the 
arts, as:cast iron, steel, &c. &c. The quantity “of carbon, i in 
the sub-carburets of iron, may be determined by solution in 
sulphurous acid, which dissolves the iron and sulphur, and 
has no action on carbon. An ingenious mode of analysis 
employed by Mr. Mushet, consists ’in ascertaining the quan- 
tity of litharge, which .a given quantity of the iron under 
examination is capable of reducing, by fusion, to a metallic 
There can scarcely bea more striking example of essen- 
tial differences in external and physical characters being pro-- 
duced by slight differences of chemical >a Rolo ; for steel 
owes its properties to not more than from 4}, to ;1,th its 
weight, of carbon. . : 
_, Cast or crude iron, besides casual impurities, contains oxy- 
pod carbon, and the metal of silex; but its differences depend 
chiefly on the various proportion of carbon, which is greatest 
in the black, and least in the white, variety of i iron. Ber- 
zelius, indeed, denies the presence of oxygen in cast iron, 
and says that its different kinds are produced by variable 
proportions of charcoal, manganese, and the metallic bases 
of .magnesia and silex}. By the process of refining, the 
‘carbon, and oxygen, it has been supposed, unite together,. 
and escape in the form of carbonic oxide; while another part 
_of the oxide of iron unites to the earthy matter, and rises to 
the surface in the form of a dense slag. After this process, 
it forms malleable or bar-iron, which may be considered as 
siron still belding some oxygen and carbon in combination, 
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the latter of which;. even in| véry ductile iron,) ees ace. 
cording to, Berzelins,. to about one half per icent.} Hassen=: 
fratz has-suggested that iron, which has: been: reinaiaiiae 
with wood charcoal, may probably'contain potassium, and 
may owe its superiority to this citcumstance; and-Berzelius: 
has rendered it, probable that .even: Hal most a sapristt aron 
contains silicium.*, rout Te sow) frre 
If. bar iron. be long mart claly. Mea in. bl it ies 
charcoal, it loses oxygen and acquires carbon, and thus:be-) 
comes steed, . A small proportion only of carbon is? noteca=) 
pable of, depriving it entirely of the: properties: of malleable: 
iron, for though it becomesia good deal harder, yet-it may: 
still be welded. ,, By union witha still farther: nee of 
carbon, it. loses altogether the property of welding;, isren- — 
dered. harder;and more compact; and: forms the | iniolegt 
steel... Steel, therefore, though like cast»iron it contains car-' 
hon, yet differs, from it essentially:in being destitute of oxy= 
gen and earth. The charcoal, which it contains, appears’ in. 
! the form ofa black stain, on applying a'drop of sinh iany 
weak acid tothe surface of polished steel. . ono 
Another combination of iron and carbon, eles 18 a ail 
carburet of iron,,is the substance called plumbago, or black- 
lead, used in fabricating pencils, and in covering irom to pre- 
vent rust. , By exposure to the combined action of heat and 
air, the eashawd is burned off, and the oxide of iron: remains, 
When mingled, also with powdered: nitrate of potash, and 
thrown into a crucible, a deflagration: ensues; and.an oxide 
of: ivon may be. obtained .by washing off the alkaliof the — 
nitre: From recent experiments of Messrs. Allenand Pepys, 
it appears that pure plumbago, when burnt in oxygen) gas, 
leayes a residue of oxide of iron’ amounting only to about 5 
per cent,; and that it gives very nearly t ted same quantity of 
all POS by combustion, as the diamond and charcoal. 
When intensely heated in a Toricellian vacunm by a Voltaic - 
battery, Sir H. Davy found that its characters: remained’ © 
wholly unaltered. . Neither could any evidence of its con- 
taining oxygen be derived, from the action of potassium +. 


* 78 An, Ch, 233, ‘+ Philosophical ‘Transactions, 1809. 
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But when. exposed to the focus ofia powerful Jens in'oxygen | 
gas,he ‘has lately observed: that the “gas: became clouded 
during the process, and that there wasa deposition of : dew. 
on-therinterior surface of the-glass ‘globe’; ta fact which in- 
dicates that plumbago,. like vom “contains a small pro- 
portion of hydrogen.. jisslein to anolenitites bire-woRKcon 
Iron unites with various: basics metals!) © With potassium 
and. sodium, it forms»alloys'more fusible and whiter! than 
iron, and which effervesce when added'to'water. Stromeyer * 
has investigated the alloy of iron and silicium. ‘It is formed 
by heating together ‘irony silex, andcharcoal. The alloy is 
dissolved very slowly by acids, for it becomes’ covered with 
a coatiof silex, which defends it from’ farther action, till it 
has been removed. Manganese forms’a white’and brittle 
alley:with iron.. “Iron, also, forms an alley’ with tin; and 
iron’ plates, previously cleaned by a dilute acid; may be co- | 
vered with tin by dipping them into that metal when melted. 
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oh To ‘hash i ialeel inva state: of purity a salads ifudlly 
- sold> under’ that name ‘may be dissolved in diluted ‘nitric 
acid ; the sdlution, evaporated to dryness; and the dry mass 
be again, for three or four times, alternately dissolved in the 
acid, and boiled to dryness. . After thelast evaporation,:the 
mass)may be dissolved in a solution of pure ammonia; which 
has. been proved, by its occasioning no precipitation from 
muriate of lime,:to be free from carbonic acid. Thesolu+ 
tion is next to be evaporated to dryness; >and, ‘after being 
well mixed with twice or thrice its weight of black flux, isto 
be exposed to a violent heat in a crucible for half or three 
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» Other: processes, for obtaining. and purifyimg nickel, are. 
described by Richter in the: 12th volume of Nicholson’s, 
Journal ; by Robiquet in the 69th, and by Tupputi in the 
78th. es of the Annales:de Chimie. The last-men- 
tioned memoir contains an elaborate: agitation of the 
-properties and combinations of nickel, 

subiuReRickey has the following characters: 

o1. Its colour is white, and, sourecaeslicite between; hl of. 
ess and tin, [t admits. of being g finely polished, and has 
then. a lustre between those of steel and platina. When. 
ignited, its colour changes to that: of. Pui bronzes: which, 
is increased every time the metal i is heated. : é 

- 2, It is perfectly. malleable, and may, be Gat ded: ae hots 
into bars, and. hammered into plates when cold. At 543° 
Faht., Tourte found its specific gravity, 8.402, and, after being 

thoroughly. hammered, 8.932... It is»ductile,. and. may be 
drawn into very fine wire, It cannot easily be soldered, on 
account of the oxide, which forms on its surface when heated. 

Its power of conducting heat is superior to that either of 
copper or zinc. Its magnetic property is very remarkable, 
and is retained when it is alloyed with a little arsenic, and, 
as Lampadius has shown*, with. other metals. In Sifllenlt 
fyaib lity by. heat, it appears to equal manganese. _ 

3. Nickel appears to be susceptible of two different stated r, 
oxidation. By long exposure to aired heat, with free access 
of air, it is converted into a dark brown, oxide, which is still 
magnetic. In oxygen gas, it burns vividly, and throws out 

sparks. | When precipitated from. its solutions by alkalis, 
and moderately ignited, it becomes. of an ash-grey colour 

with a slight tinge af blue or green, andi in this state contains, 
ackerdifgs to. Klaproth, 66 metal, and 34 oxygen. . By far= 
ther ignition, it. becomes blackish g grey, and then consists, as 
stated by Richter, of 78:metal and 22 oxygen. . Tupputi, 
from, 100 grains of nickel dissolved, in nitric acid, precipi- | 
tated daa a, fixed aes and calcined, obtained 127 grains: of 


* Thomson’s yk v, 62. 
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an ash grey powder, which is to be considered as the pio- 
towide. Hence it is composed of 


Nickel 00.0... 0... 0. 78.3 
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“ Phenat describes a black peroxide of nickel, obtained 
by passing a current of chlorine gas, through water,’ in 


‘which the hydrate is suspended. Its precise composition is 


unknown. © In‘a sufficiently high temperature, its oxides are 
reducible’ without’ addition; nor is it’ more tarnished by a 
strong heat than gold,’ silver, or platina. It ranks, ot 
fore, among the noble or perfect metals, 

“4. The sulphuric and‘ muriatic acids have little dédtrl on 
itched Its appropriate solvents are the nitric and: nitro- 
rouriatic acids, "Fhe nitric solution has a beautiful grass- 
green colour. Carbonate of potash throws down an apple- 
green precipitate, which assumes a dark grey colour when 
heated.’ The fixed alkalis occasion a greenish white bulky 
precipitate, which is a hydrate or hydro-oxide of nickel, 
composed of 76 per cent of the protoxide and ‘24 water. | 

3. When pure ammonia is added to nitrate of nickel,’ a 
precipitate is formed, resembling that which is separated by 
ammonia from a solution of copper, but not of so deep 2 


hue.) This colour changes, in an hour or two, to’ an’ ames 


thyst red; and to a violet; which colours are converted to 
apple-green by an acid, and again to blue and violet by ame 
monit. If the precipitate retain its blue colour, the presence 
of copper is indicated*, This precipitate, which is a hy- 
drate, ‘is soluble by an excess of ammonia, and by this pro~ 
perty the oxide’of nickel may be ner, in wipe — 
those of almost all other metals. — 

eo. Nickel, when: heated in chlorine,’ affords an: ‘eagies 
coloured compound ; and the muriate, when evaporated and 
strongly heated, gives brilliant white scales, which probably 
consist of nickel and ee a RS rom sabia the first 


* se Richie: ia Nicholson’ s Journal, x Xi, 
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should.contaim the largest «proportion of helio nes bit the 
analysis of these pormpodindat has not yet»been effected. ) 
7. Solutions of, all the salts of nickel are ecuinetea by 
alkaline hydro-sulphur ets, with which they, form black preci- 
pitates; but sulpburetted hydrogen has no effect on them. 
Nickel may, howéver, be gouibingd directly with sulphur by 
fusion, and forms ‘a, grey compound with’ a metallic lustre. — 
It contains, ‘accerding to Mr, HE. Davy’s experiments, 34per 
_eent, of sulphur; | and the super-sulphuret, which, may’ be 
-formedl by heating the, protoxide with sulphur, is stated, by 
the. same chemist, to contain. 43,5 percentiof sulphur... 
APs From the solutions of nickel,, prussiate of potash’ throws } 
down a sea-green precipitate. oe According to Bergman,. 250 
parts of sblivedntain 100 of metallic nickel, ::, This statement, 
however, differs considerably from Klaproth’s,. according, to 
whom 100, grains of nickel, after, solution in sulphurie.acidy. 
give a precipitate, by prussiate of, Lose sien ae ies 


ignited weighs. 300: grains. yw a dint , ; 119 vig 
“10. Tincture of galls produces! no, change. in these S0- 
Titione: Wi hye fswtigarig 


11. The. salina’ of iene dd riot acai the metal. sitbien 
on polished iron or zinc'*.) ALL that takes place by thé.action. 
of zinc, is the separation of a snud-colouted precipitatey'cons 
sisting, for the most: part, of arsenic ‘arid: iron, with: which 
nickel generally abounds, . Hence the! green colour of the 
solution.of nickel is:greatly’ iimproved by ithe detion! of zinc. 

-~)2. Nickel may be alloyed: with mdstof themetals, but the. 
soinpotmndd ‘have. no: pafticularly. interesting: qualities: :: An. 
alloy of iron and_nickel has been found im all. the meteoric 
stones\that have. hitherto.’ been: ‘analysed, hhowever' remote 
from each other the parts: of; the world in which they have 

fallen. In these, it forms from 14 to 17: per cent: of their 
weight. It’ enters, also}, ‘into’ the: composition. of the large 
masses: tg, native. iron: rigebnesr in hye aig in mn Gomth:, 
Casein 1 r ainna atiriw miata’ gavig boise. ghonope. 
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TuE properties of tin. nrust be examined in the state of 
_grain-tin or block-tin; what is commonly ‘known- -by'the 
name of tin, being:nothing more than iron’ plates with a thin 
covering of this etal Several . varieties' are met with in 
commerce, for the discrimination of which, and the means © 
of judging of: their purity, “Vauquelin has given useful i in- 
struétions in the 77th volume of the Annales de Chimie. 7 

Tin hasa silvery white colour, and by exposure to the air 

acquires: a slight superficial tarnish, which doés not “appear 
to increase by time. Its specific gravity is‘about 7.9. Itis 

extremely soft, ‘scarcely if at all, elastic; and when a piece of 
it is bent backwards and forwards, it gives a peculiar crack- 
ling noise. It is very malleable, and’ oe, be beaten into 
leaves, soos Of an inch thick, © ASS 

1. Tin melts on the application of a moderate heat, dt 
to 442° Fahrenheit, by a long continuance of which it is con- 
verted into a grey powder. This powder, which appears to. 
be the first oxide of tin, when inixed with pure glassy forms 
a white enamel. “It may be procured, also, by ealcining, 3 in 
_a close vessel, the precipitate from fresh made muriate of tin 
by carbonate'of potash. © °° * its sexing 

~The grey oxide, ‘when brought to a! ‘fall ee a 
fire; and, acquiring an’ increase of oxygen, ‘passes toa pure 
white colour. This white oxide, when~ the’ heat i is consider- 
ably raised, losés a'part of i its oxygen ¢ and - Funs into fusion. 
The white oxide may be obtained at once by* projecting tin, 
into crucible intensely ‘heated, ‘when’ the oxide’ ‘Tises in the 
form of flowers somewhat resembling thosé of zine. - It mays, 
also, be procured, as Berzelius found, by cistiaing powdered 
tin with ‘red oxide of meréury.’ ni rk” % 
The oxides of tin have beéni inbieetigtbit by Gay Lussac — 
and Bergelius, and théir résults differ: a0 little, that either of 
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the comiposiiacn of the a re to be 
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Besides thise two oxides, Beiieclius ipa the existence 
of an intermediate one, which is formed when tin is acted on 
by nitro-muriatic acid. It has a yellow colour, and, from 
theory, should consist of 100 metal + 20.4 oxygen; but he 
does not appear fully to have satisfied himself on the subject. 

The oxides of tin have, in a certain degree, the properties 
of acids, so as to render it doubtful whether they should not 
be arranged in that class of compounds. But their affinities. 
for bases are so extremely feeble, that it seems advisable; on 
the whole, to retain them in the class of oxides. - 

The precipitates from solutions of tin by alkalis are hy- 
drates, end have a white colour. They are soluble in an 
excess of fixed alkali; but the oxide is precipitated by the 


weakest acid, even che carbonic. The hydrates of tin are, 


also, decomposed by the action of boiling water. ss 
II. ‘Lin is not oxydized at common temperatures by ex- 
posure to air with the concurrence of moisture; a property 
which is the foundation of its use in covering iron. 
III. Tin amalgamates readily with mercury; and this 
compound is much used in the silvering of looking-glasses. 
It is formed by adding gradually three parts of. mercury to 
twelve of tin melted in an iron \ dace, and stirring the mix~ 
fure. . 
EV. Tin dissolves in ade acid, which takes up, Arvid 
concentrated and. heated, half its weight. It is. dissolved 


also by this acid, diluted with about a fourth its weight of 
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water, and heated. . During both these processes, sulphu- 
rous acid is disen caged; cand, in the latter, a pellicle of sul- 
phur forms on the haieieiies of the solution, which precipitates 
on cooling. “When saturated, the solution deposits, after a 
while, needle-shaped orystals of sulphate of tin. If the sul- 
phate be long boiled, a copious white precipitate subsides, 
which will not again:dissolve. It is composed of the white 
oxide retaining only. a small portion of acid, and heron sm 
in fact a sub-sulphate. | gong 

~V.. When nitric acid: highly wnibidenteasede is poured upon 
tin filings, very little effect is produced; but when a sinall 
quantity of water is added, a violent:effer vescence follows ; : 
and the metal is reduced to a bulky powder, which is the 
white oxide retaining a little acid. Ifmore water -be-added, 
an acid liquor is obtained, holding very little tin in solution. 
Tin, however,’ is slowly dissolved, without effervescence, in 
nitric acid greatly diluted. The perenne is ese and de- 
posits oxide of tin by keeping. 

VI. Muriatic acid, piricilaslt 3 is sali proper shlvedton of t tim, 
Fo one part of tin, in a tubulated retort, two parts of con- 
centrated muriatic acid are to be added, and heat. applied. 

' The solution is complete, with the exception: of a small quan- 
tity of black powder, which has not been sufficiently exa- 
mined ; and the acid takes up about one fourth“of its weight 

_of tin *. The solution has always an excess of acid; is per- 
fectly limpid. and colourless; and contains the metal at the 
minimum of oxidation. It has:a tendency, however, to. ac- 
quire a farther proportion of oxygen, and should, therefore, 
‘be carefully preserved from contact with the ait... This pro- 
‘péerty of absorbing oxygen is so remarkable, that it may even 
be applied to eudiometrical — ‘purposes. — It has, also, the 
property of. reducing, to a minimum, of oxydation, those 
compounds of iron; in which the metal, is fully oxydized. 
‘For example, it reduces the red sulphate to the green. and 
is a test. sear of. 94 and Sing as Pigs noticed, an 


: t= 


* On the preparation of tmuriate of tin, see Berard, ‘Annales de Gite 
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blackens the solution of corrosive sublimate. With ‘pn 
sulphurets it gives a black precipitate. LOS ee DOR 2s0r | 
VII. Tin maybe brought to combine deity the whymic 
riatic acid, by first forming it into amalgam/ with mercury; 
triturating this with an equal weight'of muriate of: mercury, 
and distilling the mixture. Or the same compound: may be 
formed, according to Proust, by distilling a mixture of eight 
ounces of powdered-tin and twenty-four ounces of corrosive 
sublimate. The result is a liquid which emits dense white 
fumes, when exposed ito the: air, and was formerly termed 
the fuming liquor of Libavius. | It gives no precipitate atall 
with muriate of gold or muriate of mercury—affords a‘yel+ 
low sediment with hydro-sulphuret of potash—dissolves a 
further portion of the metal without effervescence, ' and i is 
then changed into the common muriate. . 
This compound, according to the researches ‘of Aider) is 

an oxymuriate of tin, pérfectly free from water, and having 
_ a strong affinity for that fluid, Hence arises its fuming pro- 
perty ; fir the white vapour oH which exhale when the bottle 
is unstopped, arise from the union of the salt with the mois- 
ture of the air. It may be formed at once, by heating tin ia 
chlorine gas; and it consists, according to Dr. Davy, who 
calls it stannanea, of 55 tin united with 67 chlorine, or-of. °' 
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_ Another compound of tin and shire, called. by. the 
same chemist stannane, may be obtained by heating toge- 
ther an amalgam of tin and calomel. It dissolves in water, 
and forms a emai similar to the muriate of the. protoxide, 
which rapidly absorbs oxygen from the air, and deposits 
peroxide of tin. It is composed of 55 tin and 33.5 chlorine 
or ai | okt Oo 
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VII. The nitro-muriatic acid (formed by mixing two of 
three parts of muriatic acid and oné of nitric) dissolves tin 
abundantly, with violent effervescence, and with so much 
heat, that it is tecessary to add the metal slowly by succes- 
sive portions. The solution is apt to congeul into a tremu- 
lous gelatinous mass ; and if water be added, it is partly de- 
composed, and some’ oxide separated. The solution, used 
by the scarlet dyers, is prepared with that dilute nitric acid 
called single aqua-fortis, to each pound of which are added 
from one to two, ounces of the muriate of soda or ammonia. 
This compound acid is capable of taking up about an eighth 
its weight of tin. : 

IX. Acetic acid (distilled vinegar) by digestion, ate tin 
filings takes up a portion of the metal, and acquires an opa~ 
lescent or milky appearance. — The solution is decomposed 
by the action of the air, and deposits an insoluble oxide. 

Tin dissolves i in tartaric acid; and the solution is applied 
to the useful purpose of wet-tinning, the process for hich,» is 
described in Aikin’s Dictionary, ii. 4275 | 

‘X. Tin unites with sulphur, but requires, for its combina- 
; tion, x) high a temperature, that at the moment of union 
there is too small a quantity of sulphur present, to saturate 
the tin, and a mechanical mixture results of tin and sulphu- 
ret of tin. ‘The only method of obtaining the saturated sul- 
_ phuret, is to melt the aurum musivum, doltek will presently 
be described, in close vessels. This sulphuret is of a blueish 
colour and lamellated structure. It is composed, according 
to Dr. John Davy and Berzelius, of 
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| The Sabot eal iaecks or super-sulphuret of tin, is formed 
by heating sulphur with peroxide oftin. It is of a beauti- 
ful gold else and flaky in its structure. Proust was of 
opinion that it is a sulphuretted oxide; but Dr. Davy ond. 
yOu. II, K 
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Berzelius have shown that the tin is in a metallic state.’ ihe | 
CarGing to the Siig it consists of 


% 
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Berzelius, by redistilling sulphuret of tin. with sulphur, _ 
obtained a compound of a greyish colour and metallic lustre, 
which he found to bbe composed. of 100 tin seb 40. 851 ‘sul- 


been already decca bed: ‘Itis pr obable, however, that it was 
merely a mixture of the $0 ag hos and not a a distinct 
compound. 

XI. Tin forms useful alloys with many of’ the metals, 
Pewter is one of these; and the best kind of it is entirely 
free from lead, being composed chiefly of tin with small pro- 
portions of antimony, copper, and bismuth. © A mixture of 
fin and lead, in about equal parts, composes the common 
plumbers’ solder, Tin enters, ‘also, into the composition of 
bell-metal and bronze ; and oné’ of the most useful applica- 
tions of it is to the tinning of iron plates, which is effected 
by dipping the plates into tin melted with igen ath its 
wet of copper. 


> 
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Lead. 


To obtain lead in a state of purity, Berzelius dissolved it 
~ in nitric acid, and crystallized the salt several times, till the 
mother liquor, on adding carbonate ef ammonia, gave no 
~ traces of copper. The pure nitrate of lead, mixed with 
_ charcoal, was strongly heated in a Hessian crucible ; and the 
lead, which separated, ‘was kept some time Ina state of 
fusion, in order to free it-entirely from charcoal. The lead, 
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thus obtained, when redissolved in nitric acid, gave no trace 
of any other metal. ) 

Lead ‘has.a blueish white ay and, when recently cut. 
or melted, considerable lustre, which soon, however, tar- 
nishes. Its specific gravity is 11.352. Its malleability is 
sufficient to allow its being beat into very thin leaves; and 
it may be drawn into wire, which has less tenacity, however, 
than that. of most other metals. 

The melting point of lead, according to Morveau, is 590° 
Fahrenheit; but according to Mr. Crichton of ‘Glasgow, it 
is 612°. Exposed to a red-heat, with free access of air, it 
smokes and sublimes, and gives a grey oxide, which collects 
on surrounding cold bodies. It is slowly oxydized, also, by 
exposure to the atmosphere at common temperatures; and 
more rapidly, when exposed alternately to the action of air 
and water. . 

Lead appears to be susceptible of forming three distinct 
oxides. 1. The yellow oxide may be obtained by decom- 
posing nitrate of lead with carbonate of soda, and ignit- 
ing the precipitate, or by heating the nitrate to redness in a 
Bit: vessel. This oxide is tasteless, insoluble in water, but 
‘soluble in potash and in acids. When heated, it forms a 
yellow semi-transparent glass. Another form of the yellow - 
oxide is that which is know in commerce by the name of 
massicot. 

The yellow or protoaide of lead has been investigated by 
Proust, Thomson, and Berzelius, and its composition, as 
determined by the last-mentioned chemist, is 


Lead... +.92.85....100.....1298.7 
_ Oxygen... » 7T.15..4. 7.7. ..1000. 


100 
2, The second, or deutoxide of lead, may be sedi by 
exposing the protoxide of lead, or the metal itself, to heat, — 
with a large surface and a free access of air, for some time, 
till, at length, it is converted into a red oxide, known in 
commerce by the names of minium.or red lead. ‘This, how- 
ever; is an ee substance, containing sulphate of lead, 
K2 


152 | . METALS. ) CHAP, xX. 


mufiate of lead with excess ne base, oxide of copper, silex, 
and a portion of the yellow oxide. This, Berzelitis found, 
may be removed by acetic acid, which does not act on the 
red oxide. Making allowatice for the other impurities, he 
determined the éimpositioh of réd oxide Of lead, which may 
be iepasieted as the deutoxide, to be 


Pisa. i's cctv ata alabiboe, «viel Oia : 
sag PRIEP RS ur bare 10s, %00 At (D8 : 


ae 100 

“Whieit sahitiiin 3 is digested with nitric acid, one part ‘of 
it is reduced to the state of yellow oxide, and is dissolved 
by the acid ; and the remainder is a brown oxide, con- 
taminated (if impure minium has beén used) with the sub- 
stances which have been mentioned. It may be procured, 
also, by passing a current of oxymuriatic acid gas through 
water, in which the red oxide is kept suspended, and by pre- 
cipitating with caustic potash, and drying the oxide. It is 
of a flea or puce colour ; very fine and light in its texture ; 
and insoluble in nitric acid. W hen strongly heated, it gives 
out 3 or 4 per cent of oxygen gas, and is converted into yel- 
low oxide. It consists, MeN ee to Beene, of. 


head 0228909) BEB AS 166" 
Oxygenicii Gt 1S 4005 6 RG 
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‘On comparing the quantities of oxygen united with 100 
parts of lead, in these three oxides, we shall find that the 
numbers 7.7,.11.08, and 15.6 are very nearly in the pro- 
portion of 1,11, and 2. If therefore, we multiply these 
last numbers by 2, we shall have the oxygen, in the three 
oxides of lead, represented by 2, 3, and 43 and this view of 
the subject would render it probable, that there ‘exists ah 
oxide of lead, with less oxygen thai any at préseit knowfA. 
1 have, therefore, till this ‘can be decided, retained the names 
of the three oxides which ‘are derived from their colour; viz. 
the yellow, the red, and the puce oxidés, 


r 
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The yeliow oxide of lead, when. chaos by pure: 
alkalis from its compounds, forms a white fiydrate, the com- 
position. of which is not exactly known. < 

The oxides of lead are easily vitrified, and have the pre- 
perty of uniting with all the metals except gold and silver, 
Hence gold or silver may be purified by melting them with 
lead. ‘The mixture is to be kept, for same time, in a state 
of fiision in a flat cup made of bone ashes, and called a cuped 
or test. 'Thelead becomes yitrified, and sinks into. the cupel, 
carrying along with it all the baser metals, and leaving the 
gold or silver on the surface of the cupel. 

~The oxides of lead give up their oxygen on the applica- 
tion of heat. When distilled in an earthen retort, they 
afford oxygen gas; and still more readily when distilled with 
concentrated sulphuric acid. 

'To procure oxygen gas, sulphuric acid may be poured on 
the red oxide of lead, contained in a gas bottle, and a gentle 
heat apphed. The gas, thus obtained, after being dgitated 
with water, is sufficiently pure for common purposes. 

The oxides of lead are also reduced, by being ignited with 
combustible dhatter: ‘Fhus, when a mixture of fa oxide of - 
lead and charcoal is ignited in a crucible, a button of me- 
tallic lead will be found at the bottom of the vessel. 

If. Pure water has no action on lead; but it takes up a 
‘small proportion of the oxide of that metal. When left in 
contaet:with water, with the access of atmospherical air, lead 
soon becomes oxydized and dissolved, especially if agitation 
be used. Hence the danger of leaden pipes and vessels for 
containing water, which is intended to be drank. Water 
appears also to act more readily on lead, when impregnated 
with the neutral salts that are AS | PERSARE in spring 
water *. 

‘TI. Sulphuric acid has no action on lead, except when 
concentrated and at a boiling temperature, It is then dee. 


* : 5 ai 


* ‘On the presence of lead in 1 water, consult Lye: Lambe’ “ee elasatih 


respecting Spring Water,” Gre. London, mpanzen) and also Guyton, 26 
Nich. Journ. 102, 
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composed, and sulphurous acid is formed. ‘The insolubility 
of lead in sulphuric acid occasions its being employed as the 
material for constructing the chambers, in which that acid is 
prepared, and even for boiling down the weak acid. Sul- 
phate of lead, however, may be formed, either by adding 
sulphuric acid, or still better sulphate of soda, to any of the 
salts of lead. Its insolubility renders its formation of use as 
a step in mineral analyses, and hence it is necessary to know 
its exact composition, which is stated by Berzelius as fol- 
lows:— 

Sulphuric acid.......26.34......100. 

Yellow oxide........73.66......279. 


ES 


100. 379. 


If the whole oxygen in the sulphate of lead be supposed 
to be. divided into four parts, one of these, it isremarked, by 
Berzelius, is combined with the lead, and three with the sul- 
phur. In the sulphite, one third of the oxygen is united 
with the lead, and two thirds with the sulphur. 

IV. Nitric acid, a little diluted, dissolves lead, with the 
extrication of nitrous gas. If the acid bein small quantity, 
a sub-nitrate is formed, which becomes soluble on adding 
more acid. A small portion remains undissolved, which 
Dr. Themson finds to be oxide of antimony with a little 
silex. The solution is not decomposed when poured into 
water. By evaporation, it yields large regular crystals, 
which are soluble in about 71 parts of boiling water. They 
contain no water of crystallization, and consist, according to 
Berzelius, of — 


Nitric acid ....4...32.78.....-100 
Yellow oxide......67.22......209.5 


100. 309.5 


Chevreul considers this fet as @ super-nitrate*, and 


‘ ‘a B, a 
Fe 
* 4 Themson’s Annals, 101. 


SECT. XI. - “LEAD. °°" | eee «11 


describes a scaly salt, which is the neutral nitrate, consist- 
ing of Kat, TE si 
Nitric acid . eee oe - 19.86 he e oe KE 
Yellow oxide......80,14......403 


ee 


4 


ue 100. 503 

“By boiling 4 parts of the supernitrate, and 6 of lead, with 
$50 parts of water, for 14 hours, Chevreul obtained a liquid, 
which yielded two sorts of crystals; the one, in the form of 
plates, a nitrite; and the other, in the shape of needles, a 
sub-nitrite. The nitrite was little.soluble in cold water, and 
boiling water dissolved only about a tenth of its weight. It 
was decomposed by all the acids that were tried. Its con- 
stituents are 3 


WitTOUe. ACIO scien ned bitdig shay 100 
Yellow oxide. ......81.85....+..450 
100. 


The sub-nitrite ¢rystallized in needles, of which 100 parts 
of boiling water dissolved about three parts, and retained 
one, when cooled down to 73° Faht. It consisted of 


Nitrous acid......... Dida sane AO 
Yellow: oxide. . 4.6. 290d sade .910 
100. 


V. When the nitrate, or any other soluble salt of lead, is 
added to a solution of common salt, a precipitate takes plage 
of muriate of lead. ‘The same compound may, also, be ob- 
tained by heating lead in chlorine gas, or by treating the 
oxides of lead with muriatic acid. When dry, the com- 
pound is a dull semi-transparent substance, fusible at a heat 
below redness, and volatile at an intense heat. It has a 
sweet taste, and is soluble in 22 parts of cold water. It has 
successively received the names of horn-lead, muriate of lead, 
and plumbane. Berzelius states its uae to be 
Muriatic acid.. O64) sie b eek OOS), 

Yellow oe +2 80. 36......409.06 


100. 


a i 


/ 
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But according to Sir H. Davy, it'is composed of | 


Chlorine.. sin trate s BAe 'y: db FORD 
Lead... ao teenth le ys OUER 
100. ASN aes 


When two parts of the red oxide of lead are mixed with 
one of muriate of soda, and the mixture is made into a paste 


with water, the common salt is decomposed, and a muriate, 


or probably a sub-muriate, of lead is formed, which, on fusion, 
affords the substance called mineral or patent yellow. The 
soda is disengaged; and attracts carbonic acid from the — 
atmosphere, but not enough to convert it into a carbonate. 
In the large way, it is found necessary to supply carbonic 
acid to the soda, thus prepared, by burning it with saw-dust. 
VI. Carbonic acid may be brought to combine with pro- 
toxide of lead, by precipitating the nitrate of lead with car- 
bonate of soda, or by long exposure of thin sheets of lead to 
the vapour of yinegar. In the latter case, we obtain the car- 
bonate of lead or common white lead, which Bergman has 
shown to contain no acetic acid, though made by its inter 
vention. According to Berzelius, it consists of 


‘Carbonic acid....... 16.5. 
Oxide of lead :.......83.5 


nee 


100. 


VE. When iat le of lead is Sica | in distilled 
vinegar, and the solution crystallized, we obtain a salt of 
great utility in the arts, the super-acetate, or more properly 
acetate, of lead, long Angen, from its sweet taste, under the 
name of sugar of lead. | 

It is in the form of small shining needle-shaped crystals, 
which are near ly equally soluble in hot and in cold water, 
wiz. to about one fourth the weight of the fluid. The se- 
lution is decomposed by mere exposure to the air, the 
carbonic acid attracting the lead, and forming an insoluble 
carbonate. It is decomposed, also, - eH the amnaditeoriak 
and sulphates of alkali. — 
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Acetate of lead consists of _. 


Acid ...0 2200 6+26e0000-100 
Yellow oxide....58......224 
Water, eceeaee 16 


rn 
(wee tee 


100 


By boiling in water a solution of 100 parts of acetate 
and. 150 of finely pulverized litharge, the acetate passes to 
the state of sub-acetate. The taste of this salt is less sweet; 
it is less soluble in water; and er ystallizes in plates. It is 
composed, according to T henard, of 


gt ee Oe. V7 si3 004100 
Yellow oxide. ...78..,. + «460 
Water. eeees ve 5. 


ere 


100 


The oxide in the sub-acetate is, therefore, so nearly 
double in the acetate, that we may consider the composition 
of these salts as furnishing an additional example of the law 
of simple multiples. 

All the solutions of lead are decomposed by ainhueeteedt 
hydrogen and by alkaline hydro-sulphurets. Hence these 
compounds are excellent tests of the presence of lead in wine 
or any other liquor, discovering it by a dark-coloured pre- 
cipitate. Hence, also, characters traced with solution of 
acetate of lead, become legible when exposed to sulphuretted 
hydrogen gas, The same proper ty explains, too, the effect 
of alkaline hydro-sulphurets i in blackening the glass bottles, 
in which they are kept.’ The effect is owing to the action of 
the sulphuretted hydrogen, on the oxide of lead which, all 
white glass contains, 

VIII. The yellow oxide of lead unites with phosphoric 
acid, either direct ly. or by mixing the solutions of a neutral 
alkaline phosphate and of alba or acetate of lead. The 


compound is insoluble and is composed, bain to Ber- 
zelius, aa 
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Phosphoric acid. .20.8.. as ROOIO2 DURLAY BOV2 
Yellow oxide.....79.2......380.5......100. 


iemegebeieatoeand 6. el de Eb. ai, Rewpeniemeedign SLE Lo”) | pemeneeperenenael 


100 . 430.5 126.2 


IX. Lead unites in its metallic state with sulphur; and 
affords a compound of a blue colour with considerable bril- 
liancy called galena. "This compound may, also, be formed 
artificially. It is remarked by Berzelius that the sulphur 
and lead, which it contains, are in such proportions, that 
when both are combined with oxygen, and converted, the 
one into sulphuric acid and the other into yellow oxide of 
lead, the acid and oxide exactly saturate each other. These 
proportions he found to be i | 


Sulphur......13.36.... 15.42.,..100 
Lead..4....-:86.64....100. ... 643.5 


100.00' 115.42 743.5 


Vid 


SECTION XII. 
Zinc. 
Tue zinc of commerce, known by the name of spelére, is 
_ never pure, but contains lead and sulphur. To purify it, 
zinc must be dissolved in diluted sulphuric acid; a plate of 
zinc is then to be immersed in the solution, to precipitate 
other metals, which it may contain; the solution must be 
decomposed by subcarbonate of age and aM gel kag 
ignited with charcoal powder. ) 
Zinc is of a brilliant white colour with a shite of whi | 
Its specific gravity varies from 6.86 to ‘7.1, the lightest being 


the purest. By particular treatment it becomes malleable *, 
and my be i into > leaves or drawn into wire. ¥ 


* The Ricbvery of the malleability of zinc’ is announced by Mr. Sil- 
vester in the Philosophical Magazine, vol. xxii. 
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I. Zine is melted by a moderate heat, viz. at about 680° 
Fahrenheit, and the fused mass, on cooling, forms regular 
crystals. 

IL By exposure to the air at a low temperature, it slowly 
acquires a coating of grey oxide; but when kept in a degree 
of heat, barely auribinne for its fusion, zinc becomes diverah 
with a grey oxide. Ifthrown into a crucible, or deep earthen 
pot, heated to whiteness, it suddenly inflames; burns with-a 
beautiful white flame ; and a white and light oxide sublimes, 

having a considerable resemblance to carded wool. ‘This 
oxide, however, when once deposited, is no longer volatile; 
but, if exposed to a violent heat, runs into glass. It has been 
examined with much attention by Proust, who found it to 
consist of 80 parts of zinc and 20 oxygen.. Gay Lussac * 
and Berzelius + have since investigated it, and agree in con- 


sidering it as composed of 
$ 


A. < ees . 80.39... +100 
@ Oxygen ...5.00: ‘OR kes OA: As 
100. 1244 


Zine decomposes water very slowly at common tempera- 
tures, but with great rapidity, if the vapour of water be 
brought into contact with it when ignited. In whatever way 
it is oxidized, we obtain the compound already described, 
which is the only known oxide of zinc. 

III. Zinc’ readily dissolves in diluted sulphuric acid, 
which evolves, during its action on this metal, hydrogen 
gas; and the gas, when obtained, holds in combination a 
portion of the metal. A stream of it, burned in Cuthbert~- 
son’s apparatus (pl. iv. fig. 34), has been found, if recently 
prepared, to occasion the fusion of the platina wire, though 
the pure gas is destitute of this property. This hydrogen 
gas, holding zinc in solution, may also be obtained by a 

process of Vauquelin. A mixture of the ore of zinc, called 


* 80 An. de Chim. 170. + 81 Ditto. 
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blende, or calamine, with charcoal, is to be put inte a por 
eelain tube, which is to be placed horizontally i in a furnace, 
and, when red-hot, the vapour of water is to be driven 
ever it. The. gas that is produced, however, isa mixture 
ef carbonic acid, carburetted hydrogen, and hydro-zinci¢ 
gas. ‘The zinc is deposited on the surface of the water, by 
which this gas is confined; but, if burned when recently 
prepared, the gas exhibits, in consequence of this impreg- 
nation, a blue flame. 

The solution of zinc in sulphuric aeid, when evaporated } 
to a due degree of density, shoots into regular crystals. - 
This salt is soluble in 21 parts of water; and its solution — 
is not precipitated by auy other metal. Its composition is 
stated by Berzelius and Wollaston as follows; 


‘Acids... 306. 6. 0 ada 

Basesweiek wh ins batten 28 4: 

Water...... 36.45. 44,3 
100.* 4; 21000 ow 


IV. Nitric acid, moderately strong, acts on zinc with 
great violence. ‘The solution, by euanpration, ¢ry stallizes, 
and affords a deliquescent salt. “3 
V. Muriatic acid, a little diluted, acts on zine and sie 
hydrogen gas of great purity. The solution is clear, but 
cannot, by evaporation, be. brought to. crystallize. The 

dry salt, however, may be sublimed, and passes. over in a 
half solid state, from which circumstance it has been called, 
butter of zinc. When rapidly evaporated, it yields a 
thick extract, which has somewhat of the viscigity of bird- 

lime. 

Only one compound of zine and chlorine i is i It 
may be formed by burning the metal in. chlorine gas, or by 
distilling zine filings with corrosive sublimate. It fuses. at 

a heat a little above 212°; is volatile at a temperature wit fl 


* Berzelins. | a Wollaston. eal 


seer. x11 _BAINC. Siac a 


redness; and is identical with the compound, obtained by 
evaporating muriate of zinc. It consists, according to Dr. 
John Davy, as neatly as possible, of equal weights of metal 
and chlorine, or of 


FANG Soa 49.5. .100 


Chlorine. .... BO RE 102 
100. 


VI. Acetate of zinc may be formed either by directly 
dissolving the metal or the white oxide in vinegar, or by 
mingling the solutions of super-acetate of lead and sulphate 
of zinc. An insoluble sulphate of lead is formed, and the 
acetate of zinc remains in solution. By evaporation it 
affords a crystallized and permanent salt. 

VII. Zinc is oxydized by being boiled with pure alkaline 
solutions, and a portion of the oxide remains dissolved. A 
similar compound may be obtained, by projecting a mixture 
of nitre and zinc filings into a red-hot crucible. | 

VIII. Zinc, in te metallic state, has very little affinity 
for sulphur. A mixture of the white oxide of zinc and 
flowers of sulphur combines, however, into a yellowish 
brown mass. Water, impregnated with sulphuretted hy- 
drogen, decomposes, after some time, the solutions of zinc, 
and forms a yellow precipitate, which is pr obably a hydro-~ 
sulphuret. Mr. E. Davy, however, by passing the vapour 
of sulphur over melted zinc, obtained a white crystalline 
substance, resembling the natural compound of zine and 
sulphur » called phosphorescent blende. ‘The native sulphuret 
has been analyzed by. Dr. Thomson, and found to con- 
sist of , 

Zine oss 67.19 2. 4.100. 21440 
Sulphur. ..32.81.... 48.84....100. 


100. 148.84 314.40 


“ax. Zine eomnbittes with oR ented: The phosphuret 
of zine is of a whitish colour and a metallic lustre not un- 
like lead. It has some malleability, exhales a phosphoric 

4 a 
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smell, and, at a high sahatiny of bees burns. like common 
Zi... | 

be Zine i is s capable of Faattiabates alloys weil most of thie 
paahe metals. Of these the most useful, brass, has already 
been mentioned in the section on copper. It has been 
lately Bi re to apply zinc to the purpose of culinary 
vessels, pipes for conveying water, sheathing for ships, &c. ; 
but it is rendered unfit for the first, by the facility with 
which the weakest acids act upon it; and for the rest by its 
considerable, though slow oxidation when exposed to air 
and moisture. ' | 


SECOND CLASS. 
METALS THAT ARE ommier ti AND EASILY FUSED. 
va? \e | 


SECTION XIII. 


; Bismuth, 


Bismorit has a reddish white colour, sii bs socenaan 
of broad brilliant plates adhering to each other Its spe- 
cific gravity is 9.822, but is increased by hammering. It. 
breaks, however, under the hammer, and hence cannot be. 
considered as malleable; nor can it be drawn out into wire. 

_I. Bismuth is one of the most fusible metals, melting at 
476° Fahrenheit; and it forms, more readily than most 
other metals, distinct crystals by slow cooling. , 

If. When kept melted at a moderate heat, it becomes 
covered with an oxide of a greenish grey or brown colour. 
In a more violent heat it is volatile, and may be sublimed: 
in close vessels; but, with the access of air, it emits a blue 
flame, and its oxide exhales in the form of a yellowish’ 
smoke, condensible by cold bodies. ‘This oxide is very 
fusible ; anda is convertible, by heat, into a yellow transpa- 

a) 


SECT. XIII. ’ BISMUTH. 148 


rent glass. It is the only oxide of bismuth, with which we 
are acquainted; and consists, according to the recent. ex- 
periments of Lagerhjelm of ao | 


‘(Bismuth «4 ..89.863 J -,100%e0 
Oxygen.....10.137.... 11.28 


100. 


IIL: Sulphuric acid acts on bismuth, and sulphurous acid 
is disengaged. A part of the bismuth is dissolved ;, and 
the remainder. is changed. into an insoluble oxide. , The 
sulphate, on the same authority, is stated to consist of. 


Oxide of bismuth...... 66.353...:100.. 
sulphuric acid 33.647.... 50.71 


100. 


Besides the neutral sulphate, Berzelius describes a sub- 
sulphate, composed of 


Oxide of bismuth......85.5....100. 
— sulphuric acid 14.5..... 17. 


100. 


IV, Nitric acid dissolves bismuth with great rapidity. 
To one part and a half of nitric acid, add, at distant inter- 
vals, one of bismuth, broken into small pieces. | ‘The solu- 
tion is crystallizable. It is decomposed when added. to 
water; and a white substance is precipitated, called. ma- 
gistery of bismuth, or pearl-white. It consists of hydrated 
oxide of bismuth with a small proportion of nitric acid. 
This pigment -is liable to be turned black by sulphuretted 
hydrogen, and by the saat of putrefying substances in 
general. 
V. Muriatic acid ni on een The compounds 
» owhen deprived of water by evaporation, is capable of being 


% 


* 4 Thomson’s Annals, 357% 
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sublimed, and affords a soft salt, which deliquesces into 
what has been improperly called butter of bismuth. ‘The 
same compound is obtained by introducing finely divided 
bismuth into chlorine gas, when the metal takes fire, and 
burns with a pale blue light. It is the only known combi- 
nation of bismuth and chlorine, and was found, by Dr. 
Davy, to contain 66.4 per cent of the metal, and 33.6 of 
chlorine. 

VI. Bismuth is capable of forming the basis of @ sympa- 
thetic ink. The acid, employed for this purpose, must be 
one that does not act of paper, such as the acetic. . Cha- 
racters written with this solution become visible, when ex- 
posed to sulphuretted hydrogen. 

VII. Bismuth combines With sulphur, and forths a blueish 
grey sulphuret, having a metallic lustre. Lagerhjelm has 
analyzed it, and found it to consist of 


| Bismuth ....81.619..:.100__ 
Sulphur ....18.381.... 22.52 


100. 


VIII. Bismuth is capable of being alloyed with most of 
the metals, and forms with some of them compounds of re- 
markable fusibility. One of these is Sir Isaac Newton’s 
fusible metal. It consists of eight parts of bismuth, five of 
lead, and three of tin. When thrown into water, it melts 
before it is heated to the boiling point. It is from this 
property of forming fusible alloys, that bismuth enters mto 
the composition of several of the soft solders, which; in- 
deed, is its principal use. 

Bismuth has the singular property of depriving gold of 
its ductility; even which’ combined with it in-very minute 
proportion. This effect is produced by merely keeping 
gold in fusion, near bismuth raised to thee same Pipa | 
ee : 


- 
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SECTION XIV. 
Antimony. 


I. Antimony, as it occurs under that name in the shops, 
is a natural compound of the metal with sulphur in the 
proportion, as stated by Proust, of 75 antimony and 25 


sulphur. ‘To obtain it in a metallic state, the native sul- 


phuret is to be mixed with two thirds its weight of super- 
tartrate of potash (in the state of crude tartar), and one 
third of nitrate of potash deprived of its water of crystal- 
lization. The mixture must be projected, by spoonfuls, 
into a red-hot crucible; and the detonated mass poured 
into an iron mould greased with a little fat. ‘The antimony, 
an account of its specific gravity, will be found at the bot- 
tom adhering to the scorize, from which it may be separated 
bya hammer. Or two parts of the sulphuret may be fused 
in a covered crucible with one of iron filings, and to these, 


when in fusion, half a part of nitre may be added. The 


‘sulphur quits the antimony, and combines with the iron. 


In order to obtain antimony in a state of complete pu- 
rity, the metal, resulting from this operation, must be dis- 


solved in nitro-muriatic acid, and the solution must be 


poured into water. A white powder will precipitate, which 


- must be dried, mixed with twice its weight of crude tar- 


tar; and fused in a,crucible, when the pure metal will be 
pedacel: : 

Il. Antimony in its sear state (sometimes. called re- 
gulus of antimony) is of a silvery white colour, se brittle, 
nd of a plated or, scaly texture. . 

III. It is fused by a heat of about 810° Fahrenheit; and 
crystallizes, on cooling, in the form of pyramids. In close 


vessels it may be volatilized, and collected ‘unchanged. 


TV. It undergoes little change when exposed to the at- 
mosphere at its ordinary temperature; but when fused, 
with the access of air, it emits white fumes, consisting of 
an oxide of the metal. This oxide had formerly the name 


of argentine flowers of antimony. The Me i of water, 


VOL, II. i, 
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brought into contact with ignited antimony, is decomposed 
with so much rapidity, as to produce a series of detonations. 

V. Antimony, it has been supposed by Thenard, is sus- 
ceptible of several degrees of oxidation; but these, ac- 
cording to Proust, may be all reduced. to two.. -The first 
oxide may be obtained by pouring the muriate of antimony 
into water, and washing the precipitate. with water con- 
taining a. small quantity of potash. When dry, itis of a 
dirty white colour, without any lustre. It melts at a mo- 
derate red-heat, and. PEOIRE ona on cooling. a is coms 


' posed. oft...» 
RORY ca Ay Vi 5. 9 ed OO 


os” Oxygen... 1B.B eeu 2200 Ki 


evevestaea 
~ 


100. 


: The oxide at the maximum may be procured by collect: 
ing the flowers of antimony already described, or by causing 
the nitric acid to act on the metal, or by projecting it into 


melted and red-hot nitre.. This oxide is of a white colour, 


and is much less soluble in water than the protoxide, It 
is, also, Jess fusible, and may be wolatilizgd 2 at a lower tem- 


£2 Sur ae 


Tei is composed of 


Antimony .. TT. iptien Te ge 
Oxygen ......23.... 30. 


100 


The oxides of antimony have lately been investigated. by. ‘i 
Berzelius *, who describes four degrees of oxidation in that 


metal. The first, or sub-owide, is obtained by the long « CX | 


that metal the wae ta conductor i in a Galvarie aireadiee 
ment, pure water being employed to complete the circuit. 


To vrocure the sobeoxies the antimony must be reduced 
to powder, and placed under water in contact with a pla- 
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tina wire, connected with the positive end of the pile. 

Oxygen gas is disengaged from the point of contact, and 

the antimony is covered with a blueish grey flocculent pow- 

der, which is lighter than the metal, and may be separated. 
by washing with water. It is produced so sparingly, that 

enough could not be obtained for analysis, and its contpo- 
sition was, therefore, deduced by calculation. 

‘The second oxide (called by Berzelius the oxidule) may 
be obtained from muriate of antimony by analkali. When 
the precipitate, which at first is a hydrate, is dried and 
heated, the oxide assumes a dull white colour, verging on 
grey. In a red heat, it fuses into a yellowish fluid, which, 
- en cooling, becomes an almost white mass, Rapeaenete? 
something like asbestus. 

The third, or white oxide, was formed by dissolving anti- 
mony in nitric acid, and evaporating and igniting the pro- 
duct ; or by dissolving in nitro-muriatic acid, decomposing 
by water, washing the precipitate, and calcining it in a pla- 
tina crucible. Its colour, — properly prepared, is per- 
fect or snow white. . 

The fourth, or yellow wade was obtained by Berzelins 
in the following manner: Powdered metallic antimony was 
fused, during an hour, in a silver crucible, with six times 
its weight of nitre; and the fused mass was washed, first 
with cold and then with boiling water. The liquid was 
evaporated to dryness, and digested many hours with nitric 
acid. ‘The white powder, insoluble in nitric acid, was 
gently heated in a small platina crucible, and assumed a 
fine lemon yellow colour. A similar product was obtained 
_by mixing powdered antimony with pure oxide of mercury. 
An olive substance was produced, which, by long exposure 
to heat, assumed a straw yellow colour. This oxide, by a 
strong heat, loses about 61 per cent of oxygen, and is 
changed into the white oxide. 

The composition of these saw oxides is thus stated BY 
Beraelius: : . 


ay 
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» Metals » ite siee brie 5 sage d oan 
i, uae »\+ *3960826.. ‘Shit aciscib AO bes » 4.65 , 
2. Oxidule. . we 84.317 . , 15.683... '100....18. 60. 


3. White oxide...78. for Porrernel® foot .27.90 
4° Yellow oxide...72. 83....27. 18... ..100. «37.20 
- It is probable, from the law of definite proporitons, that 

the first or sub-oxide will prove to be a mechanical mixture 
of metallic antimony with the second or oxidule, which, 
in that case, will be the true protoxide. If this be esta~ 
blished, it will afford another ‘example of the general prin~ 
ciple, that in protoxides, the oxygen is tinal to half, the 
sulphur of the sulphuret.» 

The white and yellow usher of oxygen ape ania 
mony ought, indeed, to be arranged among acids, rather. 
than among oxides ; for: each of them: ‘combines with sali- 
fiable bases, and affords a class of salts. .The first may 
be called the antimenious acid, and its compounds: antimo- 
nites; the second. the antimonic acid, and the salts which 
it composes antimoniates.. These names appear to me pre~ 
ferable to those which have been derived, by- Berzelius, 
from the Latin appellation stibium, viz. stibious, and. stibic 
acids. For a detail of the properties of these saline com- 
hinations I refer to the memoir already quoted. 

_ VI. Antimony combines with sulphur, and forms an ar- 
tificial sulphuret, exactly resembling the native compound, 
which last may be employed, on account of its cheapness, 
for exhibiting the properties of sulphuret of antimony. 
The proportions of its ingredients, as stated by eietasiiass: 
differ from those assigned by Proust, viz. 

Antimony....72.86....100 .. 1.270 : 
Bulphure s,s 42 fal kee ss) Oise Owe sek U 


100. 


1. When native sulphuret of antimony (frequently called 
crude antimony) is slowly roasted in a shallow vessel, it 
gradually loses its sulphur, the metal attracts oxygen, and 
is mostly converted into a grey oxide. This, being melted 

| 6 
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im a strong heat, acquires a reddish colour, and runs into @ 
glassy silinstented; transparent at its edges, and termed glass 
_ of antimony. It consists of eight parts of protoxide and 
one of sulphuret, with ten per cent. of silex. The same 
quantity of oxide and two of sulphuret give an opake com~ 
pound, of a red colour inclining to yellow; and called 
crocus metallorum. With eight parts of oxide ‘and four: of 
sulphur, we obtain an opake mass of a dark red colour, 
called liver of antimony. . {n all these compounds, the oxide 
is at its minimum of oxidation; for the peroxide: is inca- 
ii of dissolving the sulphuret. 

2. When fig with potash, a triple compound is formed, 
composed of alkali, sulphur, and antimony. Or the com- 
bination may be’effected, in the humid way, by boiling the 
powdered native sulphuret with pure potash. The solution, 
on cooling, deposits an hydro-sulphuretted oxide, in which 
the oxide prevails, called kermes mineral, The addition of 
a dilute acid to the cold solution, precipitates a com- 
pound, having the same ingredients, but a larger proportion 
of sulphur, and called golden sulphur of antimony. 

3. When the sulphuret of antimony is detonated with 
twice its weight, or upwards, of powdered nitre, the sulphur 
is oxygenated by the oxygen of the nitric acid; sulphate of 
potash is formed, and an oxide of antimony is obtained, 
“‘yarying in its degree of oxidation, with the proportion of 
nitre which has been employed. ‘The oxide remains, after 
washing away the sulphate with boiling water. If four 
times its weight of nitre be employed, the metal gains 32 per 
cent. of oxygen, and acquires somewhat of the character of 
an acid; since it forms, with potash, a crystallizable com- 
pound. : . 
VII. Antimony i is dissolved by most of the acids. - Sul- 

phuric acid is decomposed by it; sulphurous acid being 
disengaged, and an oxide formed, of which a small pro- 
portion only is dissolved by the remaining acid, constituting 
a sub-sulphate, Nitric acid dissolves this ‘metal with great 
vehemence; muriatic acid acts on it by long digestion; but 
“the most convenient: solyent is the nitro-muriatic acid, 


which, with the aid of heat, dissolves it from. the native 
‘sulphuret, With oxy-muriatic acid, it forms a compound 
‘of a thick. consistence, formerly called. butter of antimony. 
This may be obtained; by exposing black sulphuret’ of an- 
timony to the fumes of oxy-muriatic acid, and by subse- 
quent distillation; or by distilling the powdered metal with 
‘twice its weight of corrosive muriate of mercury. It may * 
be formed, hon by the combustion of antimony in chlorine: 

gas, with which, according to Dr. John ikl it unites in 

the following proportion: . 


Antimony, «.66....100 «. «150. 
Chlorine. vod4 6. 67...,100. 


Coens Le 


100 


On pouring this compound. into water, a white hydrate, 
containing some muriatic uasids falls down, called _ of 
algaroth. 

VIII. Antimony enters into cieilsanstis with rhost: of 
the metals. It destroys the ductility of gold, even when: it 
composes. only ¢,!,,th of the whole mass, or when: its 
fumes alone come into contact with melted gold. The: most 
‘important of its alloys is that which it forms with lead. In 
the proportion of one) part to sixteen: of lead; it eoulguiets 
the metal for pio types. | “ty 


SECTION: XV. 

Tellurium. 
op "TeriurruM, was discovered, by Klaproth *, in an ore 
of gold. His process,, for extracting it, consists in the S0- 


fution of the ore by nitro-muriatic Boag: dilution with wa- 
ae and the addition, of pure potash, which throws down 
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-all the metals that are present; and, when added in excess, 
‘ve-dissolves a white precipitate, which it at first occasions. 
To the alkaline solution, muriatic acid is then added; 4 


precipitate again appears; and this, when dried, and 


heated with one twelfth its weight of charcoal, or with a 
small quatitity of oil, in a glass retort, yields tellurium, in 


-. the form of some small brilliant metallic drops, lining the 


upper part of the body of the retort.—One hundred pat ts 
of the ore yield above 90 of tellurium. 

IJ. 1. The colour of this metal is tin-white, verging to 
lead-grey ; it has considerable lustre, and a foliated or sealy 
fracture. It is very brittle; is fusible at a temperature be- 
low ignition; and, excepting osmium and quicksilver, is 
the most volatile of all metals. It is the lightest of the 
metals, the bases of the alkalis and earths excepted, having 
the specific gravity of only 6.185. 

2. It is oxydized when heated in contact with air; and 
burns with a sky-blue flame, edged with green. Upon 
charcoal, before ‘the blow-pipe, it inflames with a violence 
resembling detonation; exhibits a vivid flame; and entirely 
flies off in a grey smoke, having a, peculiarly nauseous 


smell. This smoke, when condensed, and examined in 


quantity, is found to be white with a tint of yellow. It is 
fusible by a strong heat, and volatile at a still higher tem- 
perature. It not only unites as a base with acids, but also 
itself possesses the character of an acid, and forms a class 
of salts, which may be called ¢ellurates. It is composed, 
according to Klaproth, of . 


Tellurium....83....100 
TIVO rein wet LT ey eb aes 


a ee 


100 


~ Berzelius, however, determines the quantity of oxygen, 
absorbed by 100 of tellurium, when changed into oxide, to 
be 27.83. 

3, Tellurium is soluble in nitric and nitro-muriatic acids. 
The saturated solution is decomposed by the mere addition 


+ 
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of water, which throws down a white powder; but this is 
again dissolved on adding. more water. Chlorine unites 
‘with tellurium, and forms a white semi- transparent com- 
pound, which is decomposed when added to water. It con- 


sists, according to Sir H. Davy, of 100 tellurium united 


with 90.5. chlorine. From its solutions it is precipitated in a - 


metallic form, by iron, zinc, tin, and even by muriate of 
tin. Carbonated and pure alkalis precipitate the telluric 
oxide united with water, in the form of a white hydrate ; 
and the oxide is re-dissolved by an-excess of alkali or car- 
bonate.. Alkaline sulphurets throw down a dark brown or 
blackish precipitate. ‘Tincture of galls produces a floccu- 
lent yellow precipitate. The solutions of this metal in 
acids are not decomposed by prussiate of potash; a pro- 
perty which tellurium possesses in common with gold, pla- 
tina, ir idium, osmium, rhodium, and antimony. 


Tellurium forms two distinct compounds with hydrogen, 


the one of which is solid and the other gaseous—Ist. By - 


making tellurium the negative surface in water, in the Gal- 
vanic circuit, a brown powder is formed, which is a solick 


hydruret of tellurtum. 


2dly. By acting with dilute sulphuric acid, upon the alloy . 


of tellurium and potassium (which may be obtained by, 
heating a mixture of:solid hydrat of potash, tellurium, and 
aed we obtain a peculiar gas. This gas has a smell 


resembling that of sulphuretted hydrogen. . It is absorbed. 


by water, Seth a claret-coloured solution results, which, by 
exposure to the air, becomes brown, and deposits tellurium, 
After being washed with a small quantity of water, it does 
not affect vegetable blue colours. , It burns with a blueish 
flame, depositing oxide of tellurium. It unites with alkalis; 


precipitates most metallic solutions; and is instantly de-. 
composed by chlorine gas. It may be called telluretted. 
' hydrogen gas. Nocona ap to Berzelius, it is constituted of. 


100 parts of tellurium with a little less than two parts of. 
hydrogen. 
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SECTION XVI. 
Arsenic. 


I ARsENIc, as it is to be found in the shops, occurs in 
the state of a white oxide, from which the metal may be 
obtained by the following process. Mix two parts of the 
white oxide with one part of black flux (prepared by de- 
tonating, in a crucible, one part of nitre with two of crystals 
of tartar);'and put the mixture into a crucible. Invert 
over this another crucible; lute the two together, by a mix- 
ture of clay and sand; and apply a red-heat to the lower 
one; keeping the upper one as cool as possible. ‘The 
arsenic will be reduced; and will be found lining the inside 
of the upper crucible in a state of metallic brilliancy, nof. 
unlike polished steel. Its specific gravity is 8.31. It is so 
extremely brittle, that it may be reduced to powder in a 
mortar. 

II. Metallic arsenic is readily fastble, and is volatilized 
at 356°. In close vessels it may be collécted unchanged; 
but when thrown on a red-hot iron, it burns with a blue 
flame and a white smoke; and a strong smell of garlic is 
perceived. — . 

ITT. All the mineral acids act on arsenic; but not consi- 

- derably, unless they are heated. In oxy-muriatic acid gas, 
however, arsenic burns vehemently. 

IV. A mixture of oxy-muriate of potash and arsenic 

“furnishes a detonating compound, which takes fire with 
amazing rapidity. The salt and metal, first separately 
powdered, may be mixed by the gentlest possible triture, 
or rather by stirring them together on paper with a knife 
point. If two long trains be laid on a table, the one of ’ 
- gunpowder and the other of this mixture, and they be in 
. contact with each other at one end, so that they may be 
fired at once, the arsenical mixture burns with the rapidity 
of lightning, while the other burns with comparatively ex~ 
treme slowness. | 

Y. Arsenic combines with most of the metals. It has 
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' the property of giving a white stain to copper. Let a small 
bit of metallic arsenic, or a mixture of the white oxide with 
a little black flux, be put between two small plates of copper; 
bind these closely together with iron-wire; and heat them, 
barely to redness, in the fire. The inside of the copper 
plates will be stained white. 

VI. Arsenic, by exposure to the air, is tarnished, and 
becomes converted into a bulky blackish powder. In three 
months, Berzelius found that 100 parts acquired an increase 
of 8.475; and he is disposed to consider the product as an 
oxidule; but it is probably nothing more than a mixtare of 
arsenic and arsenious acid, into both which, indeed, it is 
resolved by heat. Only two combinations of arsenic and 
oxygen have hitherto been clearly ascertained; and both 
are possessed of acid pr operties. | 

The. white oxide of arsenic has the following proper ties : : 

1. It has an acrid taste, and is highly poisonous. 

2. It is soluble in water, which, at the ordinary. een 
perature, takes up one eightieth. According to La Grange, 
it is soluble in one twenty-fourth of ald water, or one 
fifteenth of hot. Other statements have been given con- 
siderably differing from these; and Klaproth was, there- 
fore, induced to examine its degree of: solubility with great 
attention. A thousand grains of cold water, left in con- 
tact. with the white oxide during 24 hours, and frequently 
agitated, dissolved only 24 grains. But 1000 grains of 
boiling water took up 1S: grains; and, after being left 
three ‘dubs to cool, and to deposit the crystals which sepa- 
rated, still retained in solution 30 grains., Bucholz has 
since published results; which agree, very nearly, with those 
of Klaproth. 

The solution of the sbhte oxide of arsenic has an acrid 
taste, and reddens vegetable blue colours. When slowly 
evaporated, the oxide crystallizes in regular tetrahedrons. 
The oxide is, also, soluble in 70 or 80 times its weight of 
alcohol, and in oils. At 383° Fahrenheit it avliitanets 5 Oly 
if suddenly heated out of the contact of air, runs into 
glass. | 


bs 
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3. The composition of the white oxide of arsenic, or arsenous 
acid, has been investigated by several aapiotigs with the fol- 
maser results. It re 


z O Arsenic. Oxygen. Arsenic. Oxygen. 
According to Proust, of ...75.2 ..24.8......100..32.979 
Thenard, of CG SU DOOY B4.694. 
Licecaldlats of 7448 ZEB. 6 o's "100 . 34.263 
. Do.corrected 69.63..30.37 ....100..43.616 
Thomson, of .......+000+++100..34:930 


It has been justly observed, however, by Dr. Thomson *, 
that the result, which Berzelius considers as the most correct, 
is probably the least so; not only on account of its want of 
accordance with other determinations, but on account of the 
complicated process, by which it was obtained, On the 
whole, it appears probable, that 100 parts of arsenic, to be- 
come the white oxide, combine with between 34 and 35 
parts of oxygen. 

4, Oxide of arsenic combines with the pure alkalis to 
saturation; and hence it fulfils one of the principal functions 
ofan acid. It has therefore been called arsenous acid, aud 
its compounds arseniles. ‘They may be formed by simply 
boiling the arsenous acid with the respective bases and a. 
slittbient quantity of water; or‘ by double decomposition, 

Thus arsenite of lead may be prepared, by mixing the solu- 
tions of nitrate of lead and arsenite of potash; and the fine 
green pigment, called Scheele’s green, by mixing the solu- 
tions of arsenite of potash and sulphate of copper. 

5. The arsenous acid, or rather the arsenic which it con- 
tains, by distillation with sulphur, affords either a yellow 
substance, called orpiment, or a red one, termed realgar. 
The oxygen, uniting with sulphur, escapes in the form of 
sulphurous | acid. Both these compounds are sulphurets of 
arsenic, varying in the proportion of their components. 
Orpiment contains three parts of sulphur and four of arse- 
nic; and realgar one part of sulphur and three of arsenic. 
Hence ‘yealgar, by fusion with an additional quae of 


* Antal, ivi det 


156 METALS. CHAP.. XIX. 


sulphur, may be changed into orpiment; and the latter, by 
an addition of arsenic, Ty eawiot realgar. 

6. By repeated distillation with nitric acid, arsenous acid 
is changed into arsentc acid. The same change is effected, 
also, by exposure to the vapour of oxymuriatic acid, and 
the subsequent expulsion, . by heat, of the common muriatic 
acid. | By both these processes, a white concrete substance 
is obtained, termed arsenic acid. The process recommended 
by Bucholz is to mix two parts by weight of muriatic acid 
of the specific gravity 1.200, twenty-four parts of nitric acid 
of the specific gravity 1.25, and eight parts of white oxide 
of arsenic. ‘The whole may be evaporated to dryness, and 
gently ignited in a crucible. _ 

VII. 1. The arsenic acid has a sour, and at the same 
time, a metallic taste. It reddens vegetable blues; attracts: 
humidity from the atmosphere; aan effervesces strongly 
with solutions of alkaline carbonates. When evaporated, it 
assumes the consistence of jelly, and does not crystallize. 
It is,a most active poison. With alkalis, earths, and oxides, 
the arsenic acid constitutes a class of salts called arsenates, 
The arsenate of potash may be obtained in a more simple 
manner, by detonating g, in a crucible, a mixture of nitrate 
of potash with arsenous acid. 

The statements of the composition of arsenic acid differ 
from each other not less than those of the white oxide, It 


is composed, i 
Arsenic. Oxygen. Arsenic. Oxygen, — 
According’ to Proust, of 65.4 ..34.6 ..100..52.905 
—_——— Thenard, of 64.) 4.36. > ..100.5 56.250 
_ Bespalina of 66.038. .33.962 ..100°. .51.428 * 
Do.corrected 58.366 ..41.634)..100 ..71.333 
— Thomson, ON hi ain she beoe oss ion co et Oa na 


Jn this case, also, Dr. Thomson prefers, and it appears to 
me with reason, the first determination of Berzelius, as more 
nearly approaching the truth than the second. Dr. Thom- 
son’s result was obtained by the direct acidification of me- 
tallic arsenic by nitric acid; and, though not coincident 
with the analysis by Thenard, yet it agrees with the number, 
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obtained by assuming the proportions, given by that cliemist; 
for the white oxide, and with his assertion that 100 parts of 
arsenous acid are changed into arsenic acid, by 16 parts of 
oxygen. / Era Ok het aT.) Woteye most ake 

2. When tin is dissolved in arsenic acid, an inflammable 
gas is disengaged, as was obseryed by Scheele, ‘consisting 
of hydrogen gas, holding arsenic in solution. It may be 
obtained, also, by adding powdered metallic arsenic to a 
mixture of diluted sulphuric acid and zine filings. 

This gas (to which, perhaps, the name of arsenuretted 
hydrogen is best adapted) has the following properties : 

(a) It is a permanently elastic and invisible fluid, of the 
specific gravity, compared with common air, of 0.5293; but 
its specific gravity is variable, in consequence of the ad- 
mixture of different proportions of hydrogen gas. __ 

(b) It has a fetid smell, resembling that of garlic. 

(c) It extinguishes burning bodies., mo 

(d) Itis not absorbed by water in any notable degree; 
and has no effect on the blue colours of vegetables. 

(e) It burns with a lambent white flame, and a disagree- 
able odour; and emits, during combustion, fumes of arse- 
. Nous acid. | pipe he 

(f) When mingled with oxymuriatic acid gas, heat is 
produced, a diminution ensues, and metallic arsenic is de: 
- posited. Soap bubbles, blown with a mixture of this and 
oxygen gases, burns with a blue flame, a white smoke, and 
a.strong alliaceous smell. 

»(g) A stream of arsenuretted hydrogen gas, issuing from 
a bladder fitted with a stop-cock, and seton fire in a large 
receiver filled with oxygen, burns with a blue flame of un- 
common splendour. _ | G 

‘(h) One cubic inch of the gas contains about one fourt 
of a grain of metallic arsenic. | et 7 
_ (i) When 100,measures, in an experiment of Gay Lussac, 
were acted upon by heated tin, 140 measures of hydrogen 
were evolved. Hence three volumes of hydrogen are, in 
this gas, condensed into almost the space of two. 

A solid compound of hydrogen and arsenic may be 
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formed, ti acting on water with an alloy of potassium and 
arsenic; and, of course, much less hydrogen gas is evolved, 
than the same weight of uncombined potassium would libe- 
rate from water. It is described, by Gay Lussac, as sepa- 
rating in chesnut brown coloured flocks. There appears, 
indeed, to be a strong affinity between hydrogen and arsenic; 
for Berzelius found that the recently prepared metal, when 
distilled~along with oxide of tin, the a drop or two of 
water. | ’ * . 


THIRD CLASS. 
"BRITTLE AND DIFFICULTLY FUSED. 
SECTION XVII. . 

Cobalt. 


a & Conaur may either be obtained froma substance; which 
may be purchased under the name of Zaffre, by fusing the 
zaffre with three times its weight of black flux; or it may be 
purchased, at a moderate price, ina metallic form. 

'To obtain cobalt in a perfectly pure state, Tromsdorff 
recommends, that the zaffre should be, three times suc-_ 
cessively, detonated with one fourth its weight of dry nitre, 
and one eighth of powdered charcoal. After the last of 
these operations, the mass is to be mixed with an equal weight 
of black flux, and the cobalt reduced. The metal is then to 
be pulverized, and detonated with thrice its weight of dried 
nitre. ‘This oxydizes the iron to its maximum; and acidifies — 
the arsenic; which last unites with the potash. Wash off | 
the arsenate of potash, and digest the residue in nitric acid. 
This will take up the oxide of cobalt, and leave the oxide of 
iron. Evaporate to dryness; re-dissolve in nitric acid; 

_ filter the solution ; and decompose it by a solution of pot- — 
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ash. . The oxide of cobalt, now obtained, may be keiitend 
by the black flux, as before directed. 

I]. ‘Cobalt has a greyish white colour, inclining some- 
what to pink. Its specific gravity is 7.7; it is brittle and 
easily reduced to powder; is not fusible with a less heat 
than 130° of Wedgwood; and, when slowly.cooled, may 
be obtained. chyatellized/! in irregular prisms. -It is generally 
described to be magnetic; but this property Mr. Chenevix 
imputes to its.contamination with a small quantity of iron. 

By exposure to the atmosphere cobalt is tafnished, but 
not oxydized to any extent. In an intense heat it burns 
with a red flame; but, if pure, it is not easily oxydized by 
a moderate temperature. Its oxide, formed by long expo- 
sure to a strong heat with access of air, is of a deep blue, 
approaching to black. This, from the experiments. of 
Thenard, appears to be the protoxide. It may be obtained, 
also, by precipitating the nitrate of cobalt with potash. ‘The 
precipitate, which at first is a bright blue hydrate, when dry. 
becomes of so dark a blue as to appear black. It dissolves 
readily in muriatic acid, giving a solution which is green 
when concentrated, and red when diluted. Its solutions in 
sulphuric and nitric acids are always red. aaa te 

When this oxide is exposed to the atmosphere, it gra- 
dually absorbs an additional quantity of oxygen; and be- 
comes olive green. ‘Treated with muriatic acid, it gives | 
oxymuriatic acid gas, and a red solution is obtained. This 
olive compound Sir H. Davy suspects to be a mixture of 
‘hydrate and oxide of cobalt, and not a peculiar oxide. 

When either of the two preceding oxides is heated in 
the open air, it passes to a flea-brown colour, which gra- 
dually becomes black. ‘This is the metal oxidated to its 
maximum. ‘The peroxide dissolves with effervescence in 
Tauriatic acid, and with a copious disengagement of oxy- 
miuriatic acid gas., It is insoluble, however, in sulphuric 
and nitric acids, till it has parted with oxygen enough, to - 
reduce it to the minimum state. It is incapable, also, of 
being dissolved in pure alkalis, or of tinging vitrifiable 
mixtures blue. : 
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According to the eaernontts of Proust, 100 0 pats of the 
_ protoxide consist of bi 
gett oC obaleat 88. A28.100 
Lid 30 hee Oxygen ooh LOR a OS 24 19.8 vay 


100 119.8 


- And. 100 of the son asi of 


Conte eo TOO 
Oxygen .....-25... 12+ 33.25 


100 * 


The black or peroxide, heated for half an hour at the 
bottom of a crucible, loses a part of its oxygen, and is 
- reduced to the state of protoxide. | 
The oxides of cobalt require, however, farther investiga- 
tion. . Klaproth states that 100 parts of cobalt absorb 18 
of oxygen, to be converted into protoxide. But the oxygen 
of the peroxide does not, either on this or on Proust’s data, 
bear the proportion to the oxygen in the protoxide, which 
might be expected from the law of definite proportions. If 
the oxide, described by Klaproth, be really that which is 
composed of one atom of metal and one of oxygen, the atom 
of cobalt will weigh 41.5; but if it be, as Sir H. Davy sup- 
poses, a deutoxide, or perth i of one atom of metal with | 
two of oxygen, the atom of cobalt must weigh 83. On the 
first supposition, the peroxide should be constituted of 100 
metal and 36 oxygen; and, on the second, of 100 metal 
and 25.8 oxygen; and as the former of these numbers 
corresponds most nearly with expcriment, we may consider 
the protoxide as the first combination of cobalt and oxygen, 
and the atom of cobalt to be represented by 41.5. 

UI. The best solvents of cobalt are the nitric and nitro- 
muriatic acids; and the solutions have the singular property 
of forming sympathetic inks. One part of cobalt, or, still 
better, of ee may be digested, in a sand-heat, for. some 
hours, with four parts of nitric acid. To the solution, add 


* Philosophical Magazine, xxx.340.° ° 
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one part of muriate of ‘soda; and’ dilutewwith four parts of 
water. Characters written, with this’ solution are’ illegible 
when cold; but when a gentle heat-is applied, they assume 
a beautiful “blue or ‘green colour*. This experiment ig 
rendered more amusing, by drawing the trunk‘and branches 
ofa tree ‘in the ordinary manner, and tracing the leaves with 
a.solution of cobalt. ‘The tree appears leafless, till the paper 
is heated, when it suddenly becomes igh with beautiful 
foliage. | “ 

IV. Oxide of cobalt is cassie ee be vgWenated ‘alkalis 
from the nitric solution, at first of a peach-flower colour, 
and afterwards of a lilac hue. The crystals of nitrate of co- 
balt, thrown into a flask full of liquid potash, are immediately 
decomposed. ' A blue precipitate is formed, which, if the 
flask be immediately closed, passes to violet, and afterwards 
to red by becoming the hydrate or hydro-oxide of cobalt. 
This compound is soluble in cold carbonate of potash and — 
tinges it red. The oxide is not soluble in this liquid. The 
hydrate loses from 20 to 21 per cent. of water by heat, and 
is reduced to protoxide. 

V. Oxalic acid throws down, from solutions of cobalt, a 
‘rose-coloured precipitate. 

VI. Cobalt may be brought to combine with sulphur 
and with phosphorus; but the compounds have no peculiarly 


interesting properties. The sulphuret is composed, accord- 
ing to Proust, of 


Cobalt .....4 5.21.52. -.0imd 00 
UME so. 5 ge GOUDinih so a 6 0p pO 


100. 


‘This confirms the view, already given, of the atomic con- 
stitution of the protoxide, for the oxygen, which it contains, 


is not far from being equal to half the sulphur in the sul- 
phuret. 


* For some ingenious speculations on the cause of these phenomena, 
consult Mr. Hatchett’s paper on the Carinthian WN of lead. 
(Philosophical Transactions, 1796.) } 
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~ Vil It may be alloyed with most of the mectaley pie 
the exception of bismuth and.zinc. 

Cobalt, when oxydized, is the basis of xaffre. This i is 
‘generally prepared by roasting, from the ore, its volatile in- 
gredients; and mixing, with the remainder, three parts of 
vsand, or calcined flints.. Zaffre, when fused, forms a blue 
‘glass; which, when ground and washed, is the substance 
termed smalts, used as a colouring substance for linen; ane 
«for anipeeng a blue colour to glass. 


me 


SECTION XVIII. 


M anganese. — 


” 


dvds Neciewiagee hever occurs in a metallic. state; . the 
black substance, known by that name, being a compound.of 
manganese, with a large proportion of oxygen. ‘The metal — 
is obtained, by mixing this oxide, finely powdered, with 
pitch, making it into a ball, and putting this into a crucible, 
with powdered charcoal, one tenth of an inch thick on the 
sides, and one fourth of an mch deep at the bottom. The 
empty space is then to be filled with powdered charcoal, a 
cover is to be luted on, and the crucible exposed, for one 
hour, to the strongest heat that can be raised. 

II. This metal is of a dusky white colour, and bright 
and shining in its fracture. Its specific gravity was found 
by Dr. John to be 8.013. It is very brittle, and even less 
fusible than iron, requiring a heat of 160° Wedgwood to 
" melt it. Itis not attracted by the magnet ; except when © 
: contaminated with a small quantity of iron. When exposed 
to the air it soon crumbles into a blackish brown powder, 
in eonsequence of its oxydation, and becomes in succession 
grey, violet, brown, and finally black. 

There is a remarkable want of agreement in different 
| statements ‘of the composition of eis of manganese, and 
even of the number of those oxides. Sir H. Davy admits 


‘Neg 
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only two, one of a dark olive colour, ‘consisting of 21 oxygen 
to 79- metal; the other of a:dark brown colour, containing 
almost 10 per cent more of oxygen*. «Dr. John; in a 
memoir published in the 2d and 3d volumes of Dr. Thom- 
son’s Annals, enumerates three oxides of manganese, the 
green, the brown, and the black. The green is formed by 
the action of metallic manganese on water, from which it 
takes oxygen, and disengages hydrogen ° gas, apparently 
holding some of the metal in solution. He finds it to be 
composed of 


Marea FseNs7: OS: 100 
Oxygen ........-13.0550. 14942 


— ee 


100 


The lrown oxide was formed by exposing the last men- 
tioned one to the air, till it ceased to gain weight, and then 
‘drying it quickly. Its colour was pure deep: brown, and if 
was composed of 


yng gzuieioa ey 80......100. 
OXYGCH Seve cles « ‘20.2... 25: 


» 100 
The third or dlack oxide was prepared by dintolixig 
manganese in nitric acid, evaporating, and drying by a heat 
_ - sufficient to expel the nitric acid, but not 'to seis tora the 
oxide. It consisted of 


ewes Te 33 . i100 
OXVgen oss dene +2867. 055. 40.19 


100. 

‘The brown oxide still continued to absorb oxygen, wheii 
exposed to the atmosphere; but the black, when ignited, 
gave oxygen gas. 

 Berzelius + admits the composition of the greet oxide, as 
stated by Dr. J a with a aight alteration ; ; but corrects 


) * Elements of Chem. Phil. 369: } 87 Ann. de Chim. 149, © 
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the: timbers indidating that of the second and third, and 
adds, ‘also,’ two other’ ‘oxides, the oné with less ‘oxygen;’and 
the-othér with more, than any of those which have been 
already ited. *The ‘first: is ‘obtained ‘by exposing metallie 
Mangahese ‘in ‘a vessel ‘loosély ‘corked; but there ‘can ‘be 
little doubt, from its properties, that it isa mixture of the 
metal | and the green oxide. The'last of the following oxides; 
is ‘the native oxide'of manganese, which is become neairre 
froth its*use if. 1 el Merienettngig weidia sce grielad 


ye 3 


Berzelius’s Phase ef. the Composition of Oaides of Miidenete 


: ‘Metal. Oxygen. Metal. Oxygen. 
Lat oxide Gis, '.3.) i 93.455.. 6.565......100.. 7.0266 
2d oxide (green) 87.68 ..12.82 ......100. 14. 0533 

“8d oxide til MOLY FEMS 100 ..28. 1077 

Athvoxiden 8 £.0700601%. 229.50) Vata 100. AQNG. 


1) Sth oxide ‘4.64.00 +.36,00, ..).. 100 7 56.215, ss 


a” 


ad 
The numbers in the last column, it may be observed, 


stand to each other in the proportion of 1, 2, 4, 6, 8. But 
if the first compound, (as. appears to me probable, be not a 
distinct oxide) the ratio‘will then be that of 1, 2, 3, 4.. 

The oxides of manganese may be combined with most of 
shal acids... When. the green or, protoxide is precipitated 
from. its solution in an acid by a carbonated alkali; we obtain 
a snow white compound, which is a carbonate of. manganese, 
It is composed, Recording to Dr. John, of 


GyEloxide of manganese ........55.84 

EC APN trp suogpapegn gl SLE pe! kia HE) 1S 

Carbonic acid 880... to. 184.16 
ee, fo) Douiiedes Nhe ohio eae 
‘hsthtad wade sibk (lua leds ead ADDS alk tae dl 

Concehindted mempeert ic pon: Tas very + Tittle action. on me- 

talli¢ ‘manganese; but the dilute acid dissolves it with an 
extrication | of -hydrogen. gas, which, has a peculiar smell, 
resembling. assafeetida, . probably from its holding.some of 
the metal in solution. .'The solution has a light rose colour, 
and gives crystals of the same > colour, 
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. The pure protoxide, and the carbonate, dissolve in the 
sulphuric acid in any state of concentration ; and a solution 
is obtained, exactly resembling that which-has been described. 
The first crystals, that shoot from the solution, are of a faint: 
rose red colour. The last are white, and contain a great 
excess of acid. The red crystals are soluble in 21 parts of 
water, at 55° Fahrenheit, and are insoluble in alcohol. ‘The 
alkaline carbonates, prussiates, and phosphates, occasion a 
white precipitate from the solution, and are almost the only 
salts “ag decompose this sulphate. It is i Si of 


Protoxide of manganese ..... 21 OD 
BUADMMPIC GONE inns dubai: eho 
WEY. osc tears Take fan mb d ©. saat 


¢ 


Nitric acid, when peabecely einoaterneee Aissalves me- 
tallic manganese with an escape of nitrous gas. ‘The solution 
is colourless; and by long continued evaporation, the acid 
“is decomposed, and a black oxide is left. The green oxide 
and white carbonate also dissolve readily in nitric acid, and 
by particular management crystals may be obtained ° ‘from 
the solutions. The crystals deliquiate by « exposure to the 
air; and on the application of heat, melt, and are imme- 
diately decomposed. The black oxide does not dissolve in 
nitric acid, unless a little sugar is. added, or some a 
similar substance. 

The action of muriatic acid is most important on P eRe 
- black native oxide. According to the old theory, part of 
the aeid acts on one portion of the oxide; and first reduces 
it to the state of protoxide, and then dissolves it; affording 
muriate of manganese. The oxygen, thus liberated, uniting 
with another portion of muriatic acid, composes oxy-mu- 
riatic acid. But, on the theory of chlorine, the hydrogen 
of the muriatic acid is attracted by the oxygen of the oxide, 
and the chlorine is merely set at liberty. 

When the muriate of manganese is evaporated to a 
ness, and strongly heated, it fal brilliant scales, which, 
according to Dr. Jobygbavy, are identical with the com- | 
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pound obtained by burning manganese in chlorine, and are 
composed of | 


_ Manganese STR YULOOL 
~ Chlorine ........ 46. Ms a BS. 


. . 100 

Muriat of manganese is a deliquescent salt; it is soluble 
in an equal weight of water, and soluble, also, in alcohol, by 
which means it may be separated from the sulphate. It 
may he obtained in large tabular crystals, quite transparent, 
and of a rose colour. If considered as a compound of mu- 
riatic acid and oxide of sis it may be stated to 
consist of 

Protoxide of manganese ... .58.50 


Muriatic acid .............20.04 
Water eal ass Ga 


\ ] 00. 


he John ton Rrentoetat also, several of the combina~ : 
tions of oxide of manganese with vegetable and metallic 
acids, the details of which are contained in his paper. 

The black oxide of manganese has some properties, which 
render it the subject of amusing experiments. 

1. It imparts to borate of soda, when melted with it, a 
violet colour. When this is effected by the blow-pipe, the 
colour may be destroyed by the interior flame, and again re- 
produced by the exterior one, or by a small particle of | 
nitre *. | 

2. When laa ° oxide of manganese and nitre, both 
reduced to powder, are mixed together, and thrown into a 
red-hot crucible, the nitric acid is decomposed, and we 
obtain a compound of highly-oxydized manganese with pot’ 
ash. ‘This compound has the’ singular property of exhibiting: 
different colours, according to the quantity of water that is 
added to it. A small quantity gives a green solution; a 
farther addition changes it to blue; more still to purple; 
and a still larger quantity toa beautiful deep purple. 


* See Klaproth, vol. i. page 243, a. 
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3. ‘The experiment may be varied, by putting equal quan- 
tities of this substance into two separate glass vessels, and 
pouring on the one hot, and on the other cold, water. The 
hot solution has a beautiful green colour, and the cold one 
is of a deep purple. The same material, with water of 
different temperatures, assumes various shades of colour, 
depending on the state of oxydation of the metal... Hence 
this has been termed the chameleon mineral. ‘This property 
is destroyed by a very small quantity of sulphuret of potash. 

IIL. Manganese, in its metallic state, cannot be brought 
to combine with sulphur, though a native compound of these 
two substances has been examined by Proust. ‘The oxide, 
however, unites with sulphur by fusion in the proportion of _ 
eight of the former to three of the latter; and a compound 
is obtained of a green colour, which gives out ‘phciainel 
hydrogen gas by the action of acids. 

IV. Manganese unites with most of the metals, and 
composes alloys; none of which. are mee aig at ims 
portant properties, se arog 


SECTION XIX. 
Chrome, 


Tus metal is found in an acidified state, and combined 
with oxide of lead, in the red-lead ore of Siberia; in the 
_ state of an oxide, in the green ore accompanying the red 
one; and in the emerald, to which it communicates its green 
colour, and in some meteoric stones. A compound of 
chromic acid with oxide of iron has, also, been discovered 
in France and in America*, and is a much more abundant 
product than the lead ore of Siberia. _ 
I. To separate the chromic acid, the red-lead ore, reduce 
to powder, is boiled with twice its weight of carbonate of 
potash.- An orange-yellow solution, composed of potash 


* Thomgon’s Annals, v.75. 
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and chromic ate, is thus obtained; and when, to this, a 
inineral acid is added, and the liquor is evaporated, we obe 
tain, J. the salt formed by the acid, which has been united 
with the potash; 2. the acid of chrome, in long rubys 
coloured prisms. From this acid the chrome may bé obs 
tained by heating it: with charcoal, in the manner already 
often described... In:the crucible a metallic mass is found, 
ofa greyish white: colour; Sorat of a number of needles 
crossing each other. © | 


Il. This metal. is very brittle, infusbl he fixed. Its 


| specific gravity is 5.9. 
Ill. It is susceptible of flares states of adidhisiosban 
The first: oxide is green, the second brown, and a farther 


proportion of oxygen gives the chromic acid. ‘The precise’ 


quantity of oxygen in asia, aiticvaleh a 2 has not mh 
been ascertained. 

IV. The: nitric acid alone exerts any circle action 
on this metal. Repeated distillation, with this acid, changes 
chrome into. dhromic acid, combinable with alkalis: ‘The 
chromates of alkalis precipitate the salts of lead, of a beau- 
tiful yellow colour; which, ifit@ould be procured in sufficient 
| quantity, would be highly valuable in painting. © Mercury 
is thrown down, of a cinnabar-red hue; silver, of a carmine- 
red ; and all its metallic combinations are distinguished by 
peculiar brilliancy of colour. The emerald detiven: its colour 
from the oxide of chrome; and the spinelle ruby from the 
acid. This kisi of AT: colour has su repented it Its 
Rane, 
| have been sie ioribes and described by. Vieueliats 
the 70th volume of the Annales de Chimie, and by Dr. John, 
in the 4th volume of T homson’ s Annals of Philosophy. 
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x rena: XX. . 


ciieh Nabi | 


-1.. THE most common ore of molybdenum, was long mis-~ 
taken for plumbago, or carburet of iron, to which it bears, 
externally, a strong resemblance. It is, in fact, a combi- 
nation of sulphur and the oxide of molybdenum, These two 
components may be separated, by repeated distillation with 
nitric acid. To the:ore of molybdenum, in a retort, . six 
times its weight of nitric acid are to be added, and the 
mixture distilled to dryness. This process must be repeated 
four or five times; and, at its close, both the sulphur and 
molybdenum will be acidified. The sulphuric acid is expelled 
by heating the mass in a crucible; and any remaining por- 
tions are to be washed off with distilled water. ‘The residue 
(molybdic acid) is a white heavy powder; which has an acid 
and metallic taste; has the specific gravity 3.4; is soluble 
in about 1000 parts of water; and forms salts with the 
alkalis and earths. The acid is reduced by making it into 
a paste with oil, and exposing it, bedded in charcoal ina 
crucible, to an intense heat. Or (as Hielm recommends) 
-the ore of molybdenum may be repeatedly roasted in a mo- 
derate red-heat, till the whole is reduced to a fine powder, 

which may be passed through a sieve. The powder is to be 
dissolved in ammonia, the solution filtered, and evaporated 
to dryness. ‘The residuum, being moderately heated with a 
little nitric ‘acid, gives a white powder, which is the pure 
oxide of molybdenum. This may be metallized by exposure 
to an intense heat with oil or powdered charcoal. 

II. Molybdenum has a whitish yellow colour, but its frac- 
ture is a whitish grey. It has not, hitherto, been obtained 
in any form, but that of small brittle grains. It is almost 
infusible by any artificial heat, Its specific gravity is 8.611. 

It is readily oxydized when heated in contact with air, 
and is converted into a white oxide, which is volatilized in 


al 
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small brilliant needle-shaped crystals. This compound has 
acid properties. 

III. The nitric, nitro-muriatic, dnd. oxy-muriatic acids 
are the only ones that act on molybdenum. 

IV. The muriatic, and other acids, act on its oxides, and 
afford blue solutions. 
‘There appear tobe only twowell aulertanied eouipounds’ 
of molybdenum and oxygen. The first is the molybdic 
acid already described. It is composed, according to Bu- 
cholz, of 


Molybdenum vil, otreeiri 100." 
Oxygen’ yy oo ees FB an CR GO 


100. 

Berzelius states the metal at Ri and the oxygen at 
34.5 in 100 grains. 
When one part of powdered molybdenum, and tiie parts © 
of molybdic acid, are triturated in boiling water; then fil- 
tered; and the solution evaporated at a temperature not ~ 
exceeding 120° Fahrenheit, we obtain a fine blue powder,- 
which is molybdous acid. This acid is more soluble in 
water than the molybdic, and _its solution reddens vegetable 
blue colours. : It is stated by Bucholz to’consist of | 


Molybdenum ....74.5......100. 
XV ren ns as et LOT on 0 pin es 


) 


a : 100. 

It seems not improbable that there is an oxide, containing 
a smaller proportion of oxygen than the molybdous acid; 
and that this acid is constituted of two atoms of oxygen to 
one of metal. On this supposition the atom of molybdenum 
must weigh about 44; and, in molybdous acid, it must be 
combined with two atoms of oxygen, weighing 15; and in 
molydic acid with three atoms, weighing 22.5. The oxide, 
consisting of one atem of metal 44, and one atom of oxygen 
7.5, remains to be investigated. 

The molybdous and molybdic acids unite with salifiable 
bases, and form distinct classes of salts. ~The latter acid is. 


ae 
SECT. KXI. URANIUM. 171: 


changed into the former by some of those metals, that 
powerfully attract oxygen. Thus a solution of molybdic acid, 
in which a small rod of tin or zinc is immersed, becomes . 
blue, in consequence of the partial disoxygenation of the 
acid; and on the same principle recent muriate of tin throws 
down, from molybdate of potash, a. fine blue precipitate. 
The molybdic acid decomposes the nitrates of silver, mer- 
cury, and lead; and the nitrate and muriate of barytes. _ 

VY. Molybdenum unites readily with sulphur, and com- 
poses a substance, similar to the one from which the metal 
was originally obtained. One hundred parts of the metal 
combine with 67 of sulphur, 


SECTION XXI. 


Uranium. + 
| ¥. Tuts metal was discovered by Klaproth, in a mineral 
which contains uranium combined with sulphur. The metal. _ 
is separated from the sulphur, first by roasting; then dis- 
solving the ore in nitro-muriatic acid, and precipitating by | 
an alkali. An orange-coloured precipitate is obtained, which 
is an oxide of uranium. This may be reduced to a metallic 
form, in the same manner as the molybdic acid. 

IJ. Uranium is ofan iron grey colour; and internally of 
a reddish brown. It has only been obtained in small grains 
of considerable hardness and lustre. _ Its fusion is very diffi- 
cultly effected. It undergoes no change by exposure to air, 
unless strongly heated; when it ria ‘ata becomes a black 
oxide, | 

Ill. The metal is  glabls orilyd in nitric acid. | 

IV. Its oxide, when precipitated by potash from nitric © 
acid, is of a yellow colour, and dissolves in acids. It is pre- 
cipitated by alkalis; and is thrown down, of a reddish 
brown colour, by prussiates. Sulpburet of ammonia gives 


172 METALS. © CHAP. XIX. 


a brownish yellow ete aceyetih and tincture of, galls, a hits 
eolate brown one. 

V. The yellow oxide of uranium ‘is sieiscluh in’ alkalis; 
which distinguishes it from’ the oxide of tungsten. Tt is 
yo however, by alkaline carbonates: hea? bi4 

There appear to be two oxides of uranium, “a ‘pelles 
one, which retains its colour when heated alone, arid becomes 
the black oxide, when heated with a little oil. . The first, 
according to Bucholz, consists of 80 metal and 20 oxygen ; 
but the composition of the tone: oxide 4 is not ae nse 
mined. ) 


SECTION XXII. 


Tung osten. : 


I. T UNGSTEN may be cbtairied from two different mine- 
rals. The one, consisting of the tungstic acid, united with 
_lime, is called simply tungsten. In the other, termed Wol- 
fram, it is united with iron and manganese. Its extraction 
from the former is the most simple process.» One part of 
the tungstate of lime, and four of carbonate of potash, are 
fused together, and the mass is dissolved in 12 parts of boil- 
ing water. Nitric acid is then added, which unites with the 
potash, and precipitates tungstic acid. ‘This acid, when 
reduced in the usual manner, yields tungsten; but the 
process of its reduction is a very difficult one, and fresnaatly 
fails of success. _ 

-The-tungstic acid may, also, be aaibdan Bins Wolfram, 
by fusion with three times its weight of nitrate of potash; 
or with twice its weight of carbonate of potash. . The fuséd | 
mass, dissolved in boiling water, and filtered, gives, on the 
addition of nitric acid, a precipitate. of tungsti¢ acid; or 
Wolfram, reduced to a fine powder, may be boiled with 
three times its weight of muriatic acid. As soon as the acid 
becomes hot, a yellow powder appears, and the liquid be- 
comes brown. When cold, decant the clear liquid, and wash. 
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the sediment repeatedly with water; then digest it, for some 
hours, with liquid ammonia, which will take up a part. 
Repeat these operations, till they cease to act on the sub- 
stance. Evaporate the ammoniacal solution to dryness, and. 
calcine the salt. The acid of tungsten remains, in the pro- 
portion of more than half the weight of Wolfram which has 
been employed. 

II. Tungsten has the nome Sanitarian ; 

1. Ithas a greyish white‘colour, like that of iron, and a 
good deal of brilliancy. It is not magnetic. Its specific 
gravity, . according to D’Elhuyarts, is 17.63 or according 
to Messrs. Allen and Aikin 17:22. It is only, ‘therefore, 
surpassed i in density by gold and platina. 

2. It is extremely hard and brittle. It requires, for 
fusion, a temperature of at least 170° Wedgwood. 

8. It is oxydized by the action of heat and air. Its first 
oxide is black. The second is yellow, and is commonly 
termed tungstic acid. 

4. The tungstic acid has no taste; has the specific gravity 
6.12; is difficultly fusible; is insoluble in water; but remains 
suspended in it, and in this state has no action on vegetable 
colours. Exposed to heat in a platina spoon, it assumes a 
deep green colour. Calcined with the contact, of air, its 
yellow colour becomes deeper, and passes to a green, and, 
after some hours, grey. The deficiency of several acid pro- 
perties induced Vauquelin to withdraw it from the class of 
acids, and to arrange it among the oxides. | 

The tungstic acid is composed, as appears from the ex- 
periments of Bucholz, of 20 parts oxygen and 80 metal; 
and the tungstate of lime was shown by Klaproth, to contain: 
per cent 77.75 parts of acid, and 22.25 of lime. 
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FOURTH CLASS... 
| REFRACTORY METALS. 
SECTION XXII. i 


| Titanium. é 

I. Trranrum is obtained from a mineral found in Hut 
gary, &c., called red schozl, or titanite; and, also, in a sub- 
stance rete Cornwall, tetmed menachanite. It was in the 
latter substance that it was originally discovered by Mr, . 
Gregor of Cornwall; and its characters have since been 
more fully investigated by Klaproth, Vauquelin and Hech t, 
Lovitz, and Lampadius. To separate it from the first com- 
pound, the mineral is to be reduced to powder, and fused 
with twice its weight of potash. When the fused mass, 
after cooling, i is diecohad in water, a white oxide of tita- 
nium remains. ‘To free it from iron, Laugier dissolved ‘it 
in muriatic acid, and added oxalic acid, which separates | a 
white flocculent precipitate of oxalate of titanium*. The 
oxalic acid in this may be destroyed by calcination. -_. 
_ Menachanite is to be first fused with potash in a similar 
manner ; and to the alkaline solution, muriatic acid is to be 
added. This dissolves the oxide of iron, and precipitates 
the white oxide of titanium, still, however, contaminated 
by some iron. 

II. The oxide of titanium is reduced, by exposure to an 
intense heat, moistened with oil, and surrounded by pow- 
dered charcoal. A blackish blistered substance is obtained, 
some points of which have a reddish colour. Lampadius 
states its colour to be that of copper, but deeper; and its 
lustre to be considerable. It is brittle, but when in thin 
plates, has considerable elasticity. When this is boiled 
with nitric acid, no remarkable effect ensues, but the bright 
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spots disappear, and-are’succeeded by a white compound. 
Nitro-muriatic acid forms, also,:a white powder, which re- 
mains suspended in it. Sulphuric acid exhibits a similar 
appearance; sulphurous acid is. disengaged; and the tita- 
nium is partly changed to a white oxide, and partly dis- 
solved. Muriatic acid dissolves titanium, but not its oxide. 

III. The solution of titanium gives a white precipitate 
with carbonates of alkali; a. grass green, mixed with brown 
with prussiate of potash; and a dirty dark green, with hydro- 
sulphurets. Infusion of galls precipitates a reddish brown 
substance, which, if the solution be concentrated, has the 
appearance of coagulated blood. A rod of tin, immersed in 
the solution, imparts to the liquid around it a fine red 
colour; and a rod of zinc a deep blue one. 

IV. Titanium tarnishes by exposure to the atmosphere, 
and is oxydized when heated with access of air. It is suscep- 
tible of three stages of oxydizement. The first oxide is blue 
or purple, the second red, and the third white. ‘The white 
oxide is the only one, with the composition of which we are 
accurately acquainted. It has been shown, by Vauquelin 
and Hecht, to consist of 89 parts of the red oxide and 11 
parts of oxygen. 

V. Titanium appears to be incapable of uniting with sul- 
phur; but Mr. Chenevix has succeeded in combining it 
with phosphorus. 

The only alloy of any consequence, which it forms, is with 
iron. It is of a grey colour, interspersed with brilliant 
ticles, and is quite infusible. 


SECTION XXIV. 
 . Columbium and Tantalum. 


| CotumsBium was discovered by Mr. Hatchett, in a mine- 
ral belong to the cabinet of the British Museum, supposed 
to be brought from Massachusetts, in North America, By 
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alternate fusion with potash, and digestion with muriatic’ 
acid, the mineral was decomposed; the acid combining with 
oxide of iron, and the alkali with a péculiar metallic acid, — 
separable by the addition of diluted nitric acid, which — 
down a copious white sediment. 

‘This acid has not yet been reduced ; but hints its phoplee 
ties, there can be little doubt that it hasa metallic base. It 
js insoluble in nitric acid; ‘but when fresh’ precipitated, it 
combines both with the sulphuric and muriati¢: It unites 
also with alkalis : .and both solutions are colourless.” Prus- 
siate of potash gives an olive-coloured precipitates tincture 
of galls, a deep orange; and’ ee pst stapes 
one of a chocolate colour. 

| MAS: eis 8 eae! 

This metal.was- discovered by Mr. Ekeberg, an aniwae 
Swedish. chemist, in two different fossils, called ‘Tantalite 

and ‘Yttro-tantalite, both of which are found in Finland. 
In the one it: occurs combined with iron and manganese’ 
in the other, with the earth called yttria*.. From these ores . 
it is obtained, by treating them alternately with caustic fixed 
alkali, and muriatic or nitro-muriatic acid. "The alkaline 
solution, being supersaturated with an acid, lets fall a white 
powder which is oxide of tantalum. ‘The following are the 
characteristic properties of tantalum, as al abl ot i Mr. 
| Ekeberg: 
‘1, It is not soluble in any‘acid, even the nitro muriatic, 
“in whatsoever state the mineral is taken, and whatever means 
are employed. 

2. Fixed alkalis attack it when fused with it in consider- 
able excess, and dissolve a considerable quantity, which may 
aiterwards be precipitated by acids, even by the carbonic. 

3. The oxide of this metal is white, and does not acquire 
any colour, by exposuré to.a-high ‘temperature with access 
of air. Its specific gravity; after being made red-hot, ‘is 
6.500. FORMED te WITS Rae 
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4. It melts with phosphate of soda, “and with borax. but 
does not impart to them any colour. — ibe 
4.5. The. oxide of tantalum, ignited with ehartonl; melts 
a agelutinates. It then presents a metallic lustre, and a 
shining fracture of a greyish black colour. . Acids change 
it again into a white oxide. . 
© Though the oxides of tin and of eahanted aré eaually 
soluble with that of tantalum in fixed alkalis, yet the former 
_is easily reduced, furnishing a ductile metal; and the oxide 
of tungsten dissolves in ammonia, is changed to a yellow 
colour by acids, and communicates colour to phosphate of 
. soda and borax. The oxide of titanium differs from this, . 
in being soluble by acids, and in tinging borax and phos- 
phoric salts, when fused with them. 


_ Considerable doubts had been entertained by several 
chemists, whether avy essential difference exists between 
eolumbium and tantalum; and their identity appears now 
to be sufficiently established by the experiments of Dr. Wol- 
laston. Having procured, specimens. of the tantalite and 
yttro-tantalite, from which tantalum may be separated, he 
compared its properties with those of oxide of columbium, 
furnished by Mr. Hatchett, and obtained from a specimen 
in the British Museum. 
‘The external characters of the mineral, which yields 
tics: closely accord with those of tantalite. Both, 
also, yield a white oxide, combined with iron and manga- 
_ nese, and as nearly as possible in the same proportion. ‘The 
white oxide, though not absolutely insoluble in sulphuric, 
nitric and muriatic aia is (from whichever mineral it has 
been obtained) very nearly so. Its appropriate solvent is 
potash, which does not require to be absolutely free from 
_tarbonic acid. ‘The whole of the oxide, thus dissolved, may 
be precipitated by an acid, and it is not re-dissolved by an 
_ excess of acid. ‘The oxides from both minerals agree, also, 
in being soluble, when fresh precipitated, by oxalic, tartaric 
_and citric acids. Ekeberg, however, we are informed by 
| FOR Wa) hue aout att 
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Berzelius *, discovered in a sample of the mineral from the 
British Museum, a considerable quantity of tungstic acid, 
to which it owes its acid properties, and its other constituent 
he found, with Dr. Wollaston, to be oxide of tantalum. 
_ Infusion of galls, prussiate of potash, and hydro-sulphuret 
of potash, occasion no precipitation from the alkaline solution 
of either of these oxides; and, when a sufficient quantity of 
acid has been added to neutralize the redundant alkali, in- 
fusion of galls only throws down a precipitate which, in 
both cases, is of an orange colour. From these coincidences, 
there can be little room to doubt of the identity of tantalum 
with the characteristic ingredient of columbiuni. 


ei 


SECTION XXV. 
Cerium. 


_ I. Cerrum was discovered, by Messrs. Berzelius and 
Hisinger of Stockholm, in a mineral from Bastnas, in 
Sweden, which had been supposed to be an ore of tungsten. 
This discovery has been since confirmed by Vauquelin ; who, 
after a careful examination of the mineral, concurs in opinion, 
that it contains the oxide of an unknown metal. From 
the planet Ceres, discovered about the same period, it has. 
been called Cerium; and the mineral that contains it is 
termed Ceritet. | 

II. To obtain the oxide of this new metal, the cerite is 
dissolved in nitro-muriatic acid, after being calcined and 
pulverized. The solution is filtered, neutralized with pure 
potash, and then precipitated by tartrite of potash; or, as 
Laugier recommends, by oxalic acid. This precipitate, well 
washed, and afterwards calcined, is the oxide of cerium- 
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The white oxide has been recently deteemined by E Hisin- 
ger *, to consist of 


Cerium ......85.088 . fas sd OD 


| Oxygen ......14.912.. 604.1741 


100. | 
And the red or peroxide is composed of 


Cerium.... . 79.29 ree 144 
90.71....... 26.118 


1 00. 


Ill. Cerium appears to be susceptible of two stages of 
oxydizement; the first oxide being white, and the second of 
a fallow red. The white oxide, by calcination, becomes red. 
IV. Sua!phuric acid, diluted with four times its weight 
of water, dissolves the red oxide. The solution, on being 
evaporated, yields crystals, some of which are orange, and 
others have a lemon-yellow colour. The sulphate is soluble 
oily by an excess of acid. Its taste is saccharine mixed 
with acid. F 

V. Sulphuric acid readily unites with the white oxide; 
the solution is nearly colourless, but has a slight rosy tinge. 
-It has a saccharine taste, unmixed with acidity, and rigid 
white crystals. 

VI. Nitric acid unites most easily with the white oxide. 
The solution is very sweet, and is not crystailizable. When 
decomposed by heat, it leaves a brick-coloured oxide. 

VII. Muriatic acid dissolves the red oxide; and the so- 
lution crystallizes confusedly. The salt is deliquescont; 
soluble in an equal weight of water; and in three or four 
parts of alcohol. When this’ solution is concentrated, it 
burns with a yellow sparkling flame. The dry salt consists 
of 100 parts of muriatic acid Baited with 197.5 of yee of 
cerium, 
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An infusion of galls produces, in muriate of cerium, a 
yellowish precipitate not very abundant. A few drops of 
ammonia throw down a very voluminous one of a brown 
colour, which becomes black and brilliant, by desiccation. 
‘By the action oftheat, it assumes a brick-red colour. | 

VIII. Oxide of cerium unites readily with carbonic acid. 
This union is best effected, by precipitating a solution of 
the oxide with carbonate of ‘potash. An effervescence en- 
sues; and a white and light precipitate is formed, which: 
assumes, on drying, a silvery appearance. It contains per 
cent 57.9 parts of pe 19.1 of water, and 23 of car~ 
bonic acid. 

IX. Sulphuretted hidrogen does not unite with cerium. 

_X. The attempts of Vauquelin to reduce the oxide of 
cerium produced only a small metallic globule, not larger 
than a pin’s head. This globule was not acted upon by 
any of the simple acids; but, it was dissolved, though slowly, 
by nitro-muriatic acid. The solution was reddish, and gave 
traces of iron; but it also gave evident marks of cerium, by 
the white precipitate which tartrite of potash and oxalate of 
ammonia threw down. ‘he metallic globule, also, ‘was 
harder, whiter, much more brittle, and 1 more scaly, in in its 
fracture, than pure cast-iron. ; 

XI. Hence cerium appears to be a volatile metal, fina . 
it is volatilized in the state of an oxide, which remains. to 
be ascertained by future ee | : | 
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CHAPTER XX. 
VEGETABLE auBsrAaNeeas 


‘VEGETABLE substances, though they are all distin- 

guished from each other by peculiar characters, present se- 

veral. circumstances of agreement in chemical properties. 

Oxygen, hydrogen, and carbon are their principal ingre- 

dients, to which a certain proportion of nitrogen is occa- 

sionally added; and variations in the proportions, and 

mode of combination, of these elements, cause the great 

diversity, which subsists among the products of the vegetable 
kingdom. ‘They are all susceptible of decomposition by 

heat alone; but we cannot, as in bodies of the mineral. 
kingdom, proceed from a knowledge of their components 

to the actual formation of the substances themselves. It is 

not probable, indeed, that we shall ever attain the power of 
imitating nature in these operations. or in the functions 
of a living plant, a directing principle is concerned, peculiar 

to animated bodies, and superior to, and differing from, the’ 
cause which has been termed chemical affinity. 

- The distinction (as has been well observed by Berzelius *) 
between inorganic and organic compounds appears to be 
this. The former are composed either of combustible or of 
- oxidized bodies; and, when of the latter, each combustible 
base is united with a portion of oxygen, which belongs ex- 
clusively to it, and which accompanies it, when it is detached © 
from combination. Organic compounds, also, contain oxy- 
gen; but, in these, we have several combustible bases, united 
to one portion of oxygen, which cannot be said to belong 
more to the one, than to the other; and which would not 
suffice to bring any one of those bases to its maximum of 
oxidation. | 


—— 
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The productions, of which I am about to offer the che- 
mical history, may be regarded as the zmmediaie or proximate 
principles of vegetables; for we may presume, generally 
speaking, that they exist in the living plant in a state iden- 
‘tical with that, under which chemical processes exhibit them. 
~ It is not so when we proceed to the ultimate analysis of ve-. 
getables; for, in that case, we obtain compounds, which 
formed no part of the vegetable structure, and which result 
from a new arrangement of the elements composing it. 
Acetic and dipatiee acids, for example, are obtained by the 
destructive distillation of several vegetable substances, in 
which neither of these acids existed ready formed, but only 
their elements. 

* The destructive distillation of vegetables Wa till italy 
the ‘only method employed to determine the proportion of 
their ultimate elements; but more refined and perfect modes 
of analysis have lately been practised by Gay Lussac and 
Thenard, which have afforded results, much more deserving 
of confidence. Their process consists in effecting the com- 
bustion of vegetable substances, in close vessels of a pecu- 
liar construction, by means of hyper-oxymuriate of potash, 

The following general laws, respecting the composition 
of vegetable ibis have been deduced, by those philoso- 
phers, from a general review of their experiments. 

I. A vegetable substance is always acid, when the oxygen, 
which it contains, is to the hydrogen, in a proportion greater 
than is necessary to compose water. 

If. A vegetable substance is always resinous, or oily, or 
alcoholic, &c., when the oxygen, contained in it, is to the 
pat in a less proportion than in water. | 

‘TIL. A vegetable substance is neither acid nor resinous, 
bed in a state analogous to sugar, gum, starch, lignin, &c., 
whenever oxygen and hydrogen enter into its composition — 
in the same proportions as in water. | 

Without supposing then, that oxygen and hydrogen exist, 
as water, in vegetables, we may, for the sake of illustration, 
consider vegetable acids, as constituted of carbon, water, and 
oxygen ;—the resins, alcohol, ether, &c., as composed of 
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carbon, water, and hydrogen ;—and: bodies of the third 
class, as composed of carbon and water only. 

The products of the vegetable economy are either situated 
in particular organs or vessels, or are distributed through- 
out the whole plant. ‘Sometimes they reside in the root or 
stalk; at others in the bark or leaves; at others they-are_ 
peculiar to the fruit, the flowers, the seeds, or even to par- 
ticular parts of these organs. When thus insulated, they 
may readily be procured in a separate state; and, in several 
instances, nothing more is required than the labour of col- 
lecting them. Thus gum exudes from some trees, and 
‘manna issues from the branches. of others. Sometimes, 
however, we are presented with a variety of substances min- 
gled together, and requiring separation by processes which 
are sufficiently simple, and which consist in repose, filtra- 
_tion, pressure, washing, distillation at a gentle heat, solution 
by water and alcohol, and similar operations, that do not 
alter the nature of the bodies submitted to them. 

The number of principles, which have thus been ex- 
- tracted from vegetables, has of late years been greatly en- 
larged, and amounts at present to between thirty and forty. 
Of these, the greater part are certainly entitled, by a train 
of properties sufficiently characteristic, to rank as distinct 
compounds. But others seem to be so nearly allied to 
substances, with which we have long been acquainted, that 
it can serve no useful purpose to assign them a different 
place in the system. The unnecessary multiplication, in- 
deed, of vegetable principles, contributes rather to retard 
than to advance the progress of this difficult part of che- 
mistry ; and it is only in cases of decided and unequivocal 
differences of qualities, that we should proceed to the es- 
tablishment of new sh in 
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-.,., » SECTION I. 
_ Fegetable Extract. a 


Tee t term Vegetable Extract is not to be ron dévetibiis in 
the sense which is generally annexed to it, as comprehend- 
ing all those parts of vegetables which may be dissolved in~ 
water, and obtained in a solid form by evaporating the 
solution; but is now limited to a distinct and peculiar sub- 
stance. ‘This substance may be obtained by evaporating, 
ata temperature below 212°, an infusion of saffron, prepared. 
with boiling distilled water. Extract, thus pseudo has 
the following properties: , | 

aly’ Itis fy ingaies of a brownish colour, sail generally of 
a bitterish taste, varying with the Plants from which it has. 
been obtained. re 

» 2. It is soluble in cold water, but more etary in chotie 
and the solution ig always coloured. Hence the decoctions 
of certain substances (Perpvian bark for example) become 
turbid on cooling. The solution, exposed for.a long time 
to the air, acquires a mouldy pellicle, and undergoes a sort | 
of putrefaction. 3 

3. When a solution of extract is softer evaporated, it 
affords a semi-transparent mass; but rapid evaporation ren= 

ders it perfectly opake. By repeated solutions in water, 
and evaporations, it acquires a deeper colour, and loses its: 
property of being soluble in water, apparently in conse~ 
quence pf absorbing oxygen from the air, | i 

4, Extract, exposed to the atmosphere, slowly imbibes 
moisture; or is imperfectly deliquescent. 

§. It is soluble in alcohol and.in liquid alkalis, but aihiee 
in ether nor in acids, which last even precipitate it from its 
golution i in water. 

6. Oxy-mmriatic acid, Shae into a solution of extract, 
precipitates a dark yellow powder, which is no longer solue 
pe in water, but dissolves in hot alcohol. - 

7. Extract has an affinity for alumine. When the sul- 
phate or muriate of this earth is poured into one of extract, 
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a precipitate appears, especially if the mixture be boiled. 
When linen or woollen thread, previously impregnated. 
with a solution of alum, is boiled with a solution of extract, 
the thread is dyed a fawn colour, and the extract ct disappears 
in great part from the liquor. 

8. Muriate of tin, and: several other metallic salts, also. 
precipitate extract, their oxides forming with it insoluble 
compounds. » 

9. Extract is not precipitated by a solution of tan. 

These are the properties of extract, in the purest form, 
under which we have yet procured it. As commonly ob- 
tamed, however, it is combined with one or more, and fre-» 
quently with a great number of other principles. In the. 
sap of plants, it exists united with mucilage, gallic acid, tan, 
acetate of potash, and other neutral salts. Ofthe substance. 
called catechu, it forms, according to the experiments of 
Sir H, Davy, a considerable part; and being not easily dis- 
solved by cold water, may be obtained by washing off the. 
more soluble parts. ‘The infusions, also, of most vegetable 
substances, hold extract in solution peated with other prin-. 
ciples, 

From a recent series of experiments, Dr. Bostock is dis-. 
posed to doubt whether there be any distinct principle, to” 
which the title of extract can with propriety be given. ‘The. 
‘re-agents, he finds, which have been pointed out as tests of — 
extract, act also upon tan; and the processes, for separat- 
ing extract from the other parts of vegetable infusions, 
appear to him to be founded upon incorrect assumptions, 
He has not, however, examined the extract from saflron*, 
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- SECTION IL: up. siseibradvostis 


«Aghia? 
Mucilage, or Gum. . 


Tes substance, termed mucilage when fluid, is, in a 
solid state, generally known by the name of gum. Gum 
arabic may be taken as. an example. It appears, however, 
from Dr. Bostock’s ‘experiments, that there is‘ a con- 
siderable variety ‘in ke chemical properties of differ ent mu- 
cilages. vs 
I. Gum is ay, brittle, and insipid, and visage no 
change by exposure to the atmosphere, except that the 
action of light destroys the yellow colour, which it fre- 
quently exhibits, Its specific gravity varies from 1300 to 
1490. 

DFG is: readily sinupte in water, and forms:a viscid pile 
tion, which may be kept along time without gel We ke 
any change; but finally becomes sour. 

8. It is insoluble in alcohol and in eer the former of | 
which precipitates it from water. 

4, It is separated from water, in a thick ape drat by 
acetate of lead ; and is thrown down by the red sulphate of 
iron, in the state of a brown semi-transparent jelly. Se- 
veral other salts, also, have a similar effect. According to 
Dr. Thomson’s experiments, the salts, containing mercury 
and iron at the maximum of oxydation, are the most effi- 
cient in precipitating gum. ‘The oxides of copper, anti- 
mony, and bismuth, are, also, acted upon by it; for it 
prevents water from precipitating them in the state of sub- 
salts. ‘The effects of re-agents on a solution of gum have 
been lately investigated, also, by Dr. Bostock *; and have 
been found to vary considerably in the different pecies of 
gum; for example, in gum arabic, cherry-tree gum, and 
jinseed mucilage. 

5. Gum is soluble in pure alkalis, and in lime-water, 
and is precipitated unchanged by acids. Of the earths, 
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silex seems to have the strongest affinity for it; a solution 
of silicated alkali decomposing a very dilute ‘solution ‘of 
gum. (Thomson.)*\Dr, Duncan, jun., however, ' informs 
me, that this precipitate is produced only by solutions of 
the lighter coloured specimens of gum, which have different 
properties from those of darker colour. The precipitation, 
when it does occur, Dr. Bostock susie to take place, 
only in consequence of the lime which gum contains. 
Hence oxalic acid, also, produces a precipitate’ from the 
es of gum arabic. 

, Dilated acids dissolve gum savohoni gee, and the con- 
Katara ones decompose it. Strong sulphuric acid con- 
verts it into water, acetous acid, and charcoal; the last of 
which amounts. to rather more than one fourth the weight 
of the gum, and exhibits slight traces of artificial tan. 
Nitric acid dissolves gum with a disengagement of nitrous 
gas; and the solution, on cooling, deposits a little saccho- 
lactic or mucous acid. The production of mucous acid ap- 
pears to be the characteristic property of mucilage; and 
~Vauquelin even obtained this acid from the mucilage of 
linseed. Some malic acid is also formed; and by conti- 
nuing the heat, the gum is changed by the nitricacid into 
oxalic acid, which bears the proportion of nearly one half 

of the weight of the gum. Oxymuriatic acid transmitted 
through a ‘eelation of gum, changes it into citric acid. 

7. Gum and sugar readily papibitics and by gentle eva- 
poration of their mixed solutions, a transparent substance 
is obtained. From this, alcohol separates a part of the 
sugar, but the remainder continues in combination, and 
forms a substance, resembling that of which the nests-of 
wasps are composed. 

8. Gum, when submitted to destructive distillation in a 
retort, yields an acid, formerly called the pyro-mucous, 
but now ascertained to be merely the acetic, holding in 
solution a portion of essential oil, and some ammonia. 
Carburetted hydrogen and carbonic acid gases are also dis- 
engaged ; and in the retort there remains charcoal, mixed 
with lime and phosphate of lime. . Gum, therefore, is 
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composed of oxygen, hydrogen, carbon, and (as may be 
deduced. from its yielding ammonia) a little nitrogen. . It 
appears to differ from sugar, not only in containing a less 
proportion of oxygen, but also by its combination with lime 
and nitrogen *. : 

eocbing the varieties of vegetable mucilage, ovbiads 
appear to be pretty numerous and well marked, much va- 
Juable information may be obtained from the paper of Dr. 
Bostock, which has been already referred to. 

Gum Arabic has been analyzed by Gay Lussac and 
Thenard, and by Berzelius, and found to consist of 


Carbon...,.. 42.23 ..ssere. 41.906 
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SECTION III. 


Vegetable Jelly. 


VEGETALE jelly may be obtained from the recently ex- 
pressed juices of certain fruits, such as the currant and — 
gooseberry. When the expressed ime? of these fruits is _ 
allowed to remain, for some time, in a state of rest, it © 
_ partly coagulates into a tremulous soft substance, well 
known by the name of jelly. The coagulum, washed with — 
a very small quantity of water, is jelly nearly in a state of 
purity. 

Vegetable jelly, unless when tinged by the colour of the _ 
fruit, is nearly colourless; has a a ey taste, and a tre- — 
mulous consistency. It is soluble in cold water; but more ~ 
copiously in hot, and the solution, if strong enough, again ~ 
_ gelatinates on cooling. By long boiling it loses this last.” 
Broperys and is “changed into a substance analogous to 


* Cruickshank, Nicholson’s Journal, dto! 11. 409, 
+ Gay Lussac. ea t Berzelius,. Nee 


‘mucilage. .When dried it is transparent. It combines 
readily with alkalis. | Nitric acid converts it into oxalic 
acid, without disengaging any azotic gas. Its solution in 
water is precipitated by infusion of galls. 


SECTION IV. 
Sugar and Oxalic Acid. 
Arr. 1.—Sugar. 


~ Axmosrt all the sugar, which is applied to the common 
purposes of life, is derived from a plant, the growth of hot 
climates, called Arundo Saccharifera. ‘This plant produces 
strong canes,  inclosing asoft pithy substance, which yield, 
by the compression of powerful'machinery, a large propor=_ 
tion of sweet juice. ‘The juice is evaporated in copper ves- 
sels, with ‘the addition of a small quantity of slaked lime. 
During evaporation, a thick scum is formed, which is 
continually removed. The juice passes successively from 
larger to smaller boilers, till at length, in the last of these, . 
it becomes thick and tenacious. _ When this happens, it is 
emptied into shallow wooden coolers, where the syrup 
forms a mass of. ee crystals, enveloped in a 
treacly fluid. The ole mass is drained in hogsheads, 
in the bottoms of which holes are bored. ‘The fluid, which 
separates, is called melasses or treacle; and the dried crys- 
tals are exported to this country under the name of raw or 
muscovado sugar. 

The subsequent process, which sugar undergoes, with , 
the view of bringing it to the white ine beautiful form of 
loaf-sugar, consists in its being re-dissolved in lime-water, 
and in being boiled with a quantity of some coagulable 
substance, such as the whites of eggs or bullock’s bloed. 
These substances coagulate into a thick scum, which rises 
to the surface, carrying along with it the principal part of. ee 
‘the impurities of the sugar. “The solution, after being eva- — 
porated to a due consistence, is let out into large conical 
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earthen pots, with a hole at the apex of the cone, and each 
supported by an earthen jar. When the syrup has con- 
creted into a solid mass, the plug is: removed from the 
point of the cone, to allow the adhering liquid to drain off; 
and a mixture of pipe-clay and water is poured on the 
surface of the mould, and suffered to continue there four 
or five days. The moisture from this, slowly descending 
through the sugar, carries with it the remains of the darker 
Eoloited syrup; and the whole loaf, after being dried in a 
stove, is obtained of the proper degree of whiteness. 

_ Besides the juice of the cane, sugar may be extracted, 
also, from several other vegetables. ‘The juice which flows 
spontaneously from incisions made. in the American maple- 
tree, affords a quantity sufficient to render it a process 
worth following. Ripe fruits contain sugar in considerable 
quantity, and by long keeping after they have been dried, 
it appears, in a granular state, on their surface. The 
| juice of the carrot, and still more remarkably of the beet 
(Leta vulgaris, Linn.) yield a considerable proportion of 
sugar. ‘To obtain it from the latter vegetable, the roots, 
softened in water, are to be sliced, and the juice expressed. 
“Itis then to be boiled down with the addition of a little 
lime till about two thirds remain, and afterwards strained. 
These boilings and strainings are repeated alternately, till 
the liquid attains the consistence of syrup; when it, is left 
to cool. ‘The sugar thus extracted, retains somewhat of 
_ the taste of the root; but it may be purified by the opera- 
tion. already described as used for the refining of West 
India sugar, and it then loses its peculiar favour. . The 
quantity obtained varies considerably; but in general it 
may be stated at between four and five pounds from 100- 
pounds of the root, beside a proportion of unerystallizable 
syrup. In Germany, the expence has. been. calculated at 
‘about three pence) iper pound; but this estimate is spsohebiy 
under-rated. >. Lushan : 
. From the: experiments of Proust:* ‘ it appears datos 


episixg | oo» * Nicholson’s Journal, xxi. 356. 4 6: |. fence 
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coarse sugar may be procured from grapes (of which many 
thousand tons are annually wasted in Spain), at the ex- 
pence of about eightpence per pound; or, under favourable 
circumstances, even for fivepence.. Tn apples and pears, in 
the juice of liquorice, and in some other vegetable juices, 
sugar exists, but in a state of combination, which prevents 
it from assuming a crystallized form. | 

Sugar i is pradazad also in the process of malting, which | 
consists in the conversion of starch into sugar. 

The following are its chemical apie 

1. Sugar is soluble in an equal weight of cold water, and 
almost to an unlimited amount in hot water. The latter 
solution affords a liquid called syrup; from which, by long 
repose,” transparent crystals of sugar separate, called can- 
died sugar. Their form is that of prisms with four or six 
sides, bevelled at each pmerentney or sometimes accumi- 
nated by three planes. 

2. Alcohol dissolves, when heated, about one fourth its 
weight of sugar. The solution, by keeping, deposits large 
crystals of sugar. 

3. Lime-water renders sugar more soluble. Alkalis unite _ 
with it, and destroy its taste. It may be recovered, how- 
ever, unchanged, by adding sulphuric acid, and precipi- 
‘tating the alkaline sulphate by alcohol, which retains the 
sugar in solution. It unites, also, with the alkaline earths ; 
and with barytes so strongly, that it appears to undergo a 
kind of decomposition. | 

4. Sugar has the uae of rendering oils miscible 
with water. 

5. The sulphurets, hydro-sulphurets, and phosphurets 
appear to have the property of, pote sugar into a sub- 
‘stance not unlike gum *. 

6. It is converted, by destructive distillation, into acetic 
acid, carburetted hydrogen, and carbonic acid gas, and 
charcoal. According to Lavoisier, it is composed of 64% 
oxygen, 28 carbon, and 8 hydrogen: Gay Lussac, Thénard, 
Ae ' 7 vi 

* Thomson’s Chemistry, iv. 214. 


v 
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and Berzelius, have analyzed it by combustion with hyper- 
oxy-muriate of. potash, and find it to.consist of | 


Carbon © @f@ ee @@eee0 AQ AT eveesr 44.200. 3 
Oxyge ew ceeccesrses 5063 .2.5-- 49.015 
Hydrogen. ........- O90 ss eves 6.785. 


* a = . 
* 


100. * 100. fi e% 


Or of carbon .......... 42,47 7 es be 
Oxygen and hydrogen,in) 
: iv eh 


the same proportion as 
i water oS oe ee 


100. | 


~ It is remarkable that these are as nearly as possible the 
proportions of the ingredients of gum arabic. . 

Beside pure sugar, there are other saccharine substances, 
that bear a considerable resemblance to it. Manna is the 
inspissated juice which flows spontaneously from incisions 
in the bark of a species of ash (the fraxinus ornus). Sugar 
has been discovered, also, by Fourcroy and EERO a to 
enter largely into the composition of the juice obtained by 
pressure from the onion. Besides sugar, it appears,- also, 
to contain a portion of mucilage and extract, to which its 
taste and other peculiar properties are owing. _ 

The same may perhaps be said of honey. When reed 
with nitric acid it was found, however, by Mr. Cruickshank, 
to give very little less oxalic acid, than was obtained. from 
an nena weight of pure sugar.. Proust has considered 
honey itself as .of two distinct species. Common yellow — 
honey is of an uniform. consistence and ‘viscid; but, be- 
sides this, there is a granulated white kind, which has.a 
tendency to become solid. From the latter he obtained. 
by alcohol a white saccharine powder, which he considers 
as agreeing more nearly with the sugar of the grape than 
with common sugar. 


* Gay Lussac. + Berzelius. 
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oa ae Arr. 2. —Oralic Acid. 

Sugar is ncidinned by distillation with nitric acid, To. six 
ounces of strong nitric acid, in a stoppered retort, to which 
a large receiver is- ‘luted, add, by degrees, one ounce of 
lump-sugar, coarsely powdered. A gentle heat may be 
applied during the solution. “ Nitrous gas will be disen- 
gaged in great abundance. When the whole of the sugar 
‘is dissolved, distil off a part of the acid. The remaining 
liquor will form regular crystals (amounting. to 58 parts 
from. 100 of sugar), which must be again disolved in water 
and crystallized. Lay this second crop of crystals on 
blotting paper to dry. 

* Oxalic acid may be procured, also, by a similar treat- 
ment of gum, and of various other vegetable, and even of 
some animal products. 

The crystals of oxalic acid have the following characters : 

1. They have a strong acid taste, and act powerfully on 

' vegetable blue colours. 

2. ‘They-dissolve in twice their weight of ht; and in an 
equal weight of hot water. They are soluble, also, in boil- 
ing alcohol, which takes up about half its weight; and, 
though sparingly, in ether. 

3. “They efforesce in the air; and SERS covered with 
‘a white powder. 

4, A red-heat entirely decomposes dais and leaves only 
charcoal. During distillation, a considerable quantity of 
inflammable gas is obtained; and a portion of the acid is 
sublimed, unaltered, into the neck of the retort. The 
constitution of oxalic acid, has been investigated with much 
‘skill and attention by Dr. ‘Thomson *.'' The 2 baa in 

‘their perfect state, he has proved to consist of 
Real esata Te: 
wend 4O9 


eens 


10630). 


* Philosophical Transactions, 1808. 
VOL. Il,» o) 
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’ And from an elaborate examination of the gases, obtained 


Tarr; ee 


by destructive distillation, he concludes, that 100 parts of 
real oxalic acid gonsi eae 


# . “\ygoouue. 
MEaritise 
# Oxygen 01) sali 64 oe oa 
Carbon a eecligecr ewe 82, te jth COE By 


i cm Hydrogen @ sep abel 


oe bir 
| Aaron) - SOC Ta ea, longi oo . 
~ Oxalic acid’ ‘has since been analysed by Gay. er and 
-Thenard*, and by” Berzeliust. ‘The first, “mention ah 
chemists Secs by oxalate of lime of known a 
sition by. oxy-muriate of potash, and obtained tlie ee 
results = . 


#) + Lace Poh ann 
j “Cacbon, eacocoteece 26. 566 “ee 7 oar 
PER. ' ‘i > q _ Oxygen, a6 oeeesn eo 8 ie 689 mm a ears i ‘ 
ay ,, Hydrogen +. Da Aas 2.745 oe asa 
LOG Hetbo ge Dig 
nisi bh uo e iiehe aor erides lineal (58 
(ees ris pert t i : Cae | * i Prt i, Res } rele iy ay eS ; 
Or.the analysis may be thus, stated: hasevnl a met 
tod E ig TSE Fad tt bagtogs 
Carbon ss haces siockiegk 9 aie ger re is 
Oxygen and hydrogen in the’ 29.872 eho 
same proportions as rawater vi his MIL At 
Eixceés of Oxygen se eisesihs) SO6Z2iocd-har Ab 
ee ee baa), fl cert ¥ ‘wo rtmds 
100 e} 
; iAltii 
bonilcsse 


. Berzelius, some time a0, escaetni that ae the water, 
witch, enters into crystallized oxalic acid, only 28 per cent 
can be driven off by heat, but that a farther quantity may — 
be detached, by uniting the acid with oxide of lead. Taking 
the latter portion’ into account, the crystals consist of 58 


an Recherches, “ith il. shea plc 
+ 81 Ann. de Chim. and Thomson’s Ann. iy. . 232, 
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atte aha 04. Water's andthe’ real acid is thus Ponistitired) 
according to his experiments : ; 
‘ 


ie 


Beyren. tn .. 66.211 .... == 6 atoms. 
Carbon ......... 33.021... = 4 atoms. 
» Hydrogen oe eee 0.728 .... = 1 atom. 


OxaLaTr ‘oF porasH forms flat rhomboidal crystals, ter- 
Minated by dihedral summits. Its taste is cocling and 
biter. At. 60° Fahrenheit, it requires three times its 

weight’ of 1 ‘water for solution. ‘There is, ‘also, ‘a salt formed 

teua he saine base and acid, but with a considerable excess i 
ot ene latter, ain d SUPER-OXALATE OF BINOXALATE OF __ 
POTASH. nt if forms eautiful four-sided prisms. The acid, 
which’ it contains, is double that in the oxalate; or if we 
suppose 100 parts of potash, and denote the quantity ne- 
cessary ‘to Convert it into oxalate by x, then 2 will con- 
vert it into super-oxalate. | | 

According to Berzelius 100 parts of potash are united, 
in the oxalate, with 97.3 parts of oxalic acid, and in 
the binoxalate, with 192.4. Exclusively of water, which, | 
in the crystals of the oxalate, amounts to 17.31 per cent. 
em are composed as follows: : 

. Acid. Base. 


‘Oxalate of potash ...... 49.32 .... 50.68 
Binoxalate of Ae. reves 65.80 .6,. 34,20. 


- QUADROXALATE ¢ OF POTASH may be composed in several 
methods *. _ It was formed by Dr. Wollaston, by digesting 
the super-oxalate i in nitric or muriatic acid. The alkaliis . 
divided into two parts, one of which unites with the mi- 
neral acid; and the other half remains in combination 
with’ the oxalic acid. Hence the quadroxalate contains 
four times the acid that exists in the neutral oxalate, and 
twice as much acid as the super-oxalate; or its acid maybe 


denoted by 4 2. 
_ Berzelius determined that, in this salt, 100 parts of pot- 


* See Berard, 73 Ann. de Chim. 971. 
02 
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ash are combined with 380 parts of oxalic acid, or it con- 
- sists of pha Ot Giiabier 
POM lesa 95 | 
Acid... 2. 122.02 i. 72.05 
Water’. oor soy Bh. 


100 

Salt of sorrel was found by Berard to be a true que- 

droxalate of potash. 
_ Oxatatr or sopa readily crystallizes, and ee a fat 
“nearly resembling that of oxalate of potash. When heated, | 
it falls to powder, and loses the whole of its water of crys- 
tallization. Soda is said to form, also, with oxalic acid a 
binoxalate, but no quadroxalaie. In the oxalate, 100 parts 
of soda are combined with 143.5 parts of acid; in the bin- 
oxalate with 284.7 according to the analysis of Berzelius. . 

OXALATE OF AMMONIA crystallizes in long transparent 
prisms, rhomboidal, and terminated by dihedral summits, 
which, aceording to Berard, contain 18 per cent. of water. 
Its taste is bitter Ona unpleasant. ‘At the temperature of 60°, 
1000 grains of water dissolve only 45- grains of the salt. 
The solution is of great use as a re-agent; for it precipi- 
tates lime from all its soluble combinations, and discovers 
it even when in yery minute quantities. Hence it is a most 
important instrument of analysis. 

In oxalate of ammonia, 100 parts of real alkali are 
united with 261 parts of acid. A super-oxalate » or bin- — 
oxalate of ammonia, also, exists, which is less soluble in 
water than the oxalate. In this, 100 parts of base are 
united with 523 of acid. 

OXALATE OF LIME is an extremely insoluble salt. “It 
may be formed, cither by dropping oxalic acid into lime- 
water, or by mingling the solutions of a salt with base of 
lime and of any of.the soluble oxalates. When very slowly 
dried at the temperature of about 60° Fahrenheit, it is tole- 
rably uniform as to its composition ; and consists, according 
to Dr. Thomson, of 
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Acid Teeter ergs @a°0 59.2 
MERIO p ccs sa bas cs POD 
ates iiols hice: 5.3 


100 


When rapidly dried, it is apt to concrete ‘into hard 
lumps, which contain not less than 10 per cent. of water. 
It is soluble in nitric and muriatic acid; and hence, in the 

use of oxalate of ammonia or oxalic acid as a precipitant, 
it is necessary first to neutralize any excess of acid. 

‘Oxatares OF BARYTES AND STRONTITES are white taste- 
less powders of very sparing solubility ; ; but these earths 
are said, with an excess of acid, to form Bone super- 
oxalates. 

One hundred parts of strontites take 83.62 of oxalic acid 
for saturation. No super-oxalate exists with this base. The 
oxalate of barytes is more soluble than the strontitic salt. Tt 
consists of 100 parts of base, united with 60.84 acid. A 
super-oxalate may be formed, by heating muriate of barytes 
with oxalic acid. This salt, which shoots into crystals, 
has its elements so feebly combined, that it is decomposed 
by mere solution in water. It is constituted of 100 parts 
of base and 123 oxalic acid. 
- OXALATE OF MAGNESIA is a soft white powder, bearing 
a considerable resemblance to oxalate of lime. It is taste- 
less, and not sensibly soluble in water. Yet when oxalate 
of ammonia is mixed with sulphate of magnesia, no pre- 
cipitate falls. It is composed of 100 parts of base and 
265 of acid. 
According to Dr. Thomson, 100 parts of oxalic acid 

saturate the following quantities of the several bases: 

Ammonia. ....4. 34.12. 

Magnesia...... .. 35.71 

SOU s\n arses ess -» 57.14 

Die Biases OO 

Potash 2. 44... «122.86 


Strontian ........151.51 
Barytes 3°... 02. 63. 142.86 


‘ 
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And the composition of the different oxalates is shown 


by the following Table. : 
: ars ae Consist Liancist . 
per Thomson of per Berard of 
ae hundred ee OP CRE te 


4 Acid. . Base. Acid. Base. 
BD ralads of ammonia’... 74.45 .. 25.55 | *62.34 .. 27.66 
magnesia’. . V$i68'*). 2638241 42.65. L. BSS 
seh ene ne Cae auool ee S637 58.92 .. 41.08 
lime.. ..'.., 62.50"... 37.50 ‘|. 62.00 .. 38.00 
potash.... 44,87 .. 55.13 49.32 .. 50.68 
strontian .. 39,77 .. 60.93 | 45.54 .. 54.46 
—__—— barytes....°41.16°.. 58.84.| 37.83 .. 62.17 
ee lead SG ateinines 25.20 .. Th. 80 pet . 


The above table is to be understood as cinietile to’ the 
salts in their state of ordinary dryness. With the excep-_ 
tion indeed of oxalate of potash, and perhaps of soda, 
Dr. Thomson is of opinion, that, when slowly and carefully 
dried, the proportion of water is so small, satin it may be 
everlooked, | asa Dit, 


SECTION Y. 


Native Vegetable Acids. 


Native vegetable acids are such as are found, ready 
formed, in plants or their fruits, and require only pressure, 
and other simple processes, for their extraction. The fols 
lowing are the principal ones hitherto discovered ; 


US ACattigs "os 6. Benzoic. 
2 Galle, eg 7. Acetic. re 
3. Malic... © 8. Prussic. i i 
| 4, Tartaric. > 9. Phosphoric. 
m 5. Oxalic. ! 


ae 


* This number should probably be 72.34; for, as it stands in the 
Table, the acid and base do not make up 100. 
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‘Ant. 1 —Citri 1C aide? 


Cia Mes exists in the expr essed j juice of the lime and 
lemon, along with a quantity of extractive matter and mu- 
cilage, . The process, for obtaining it in a separate state, we 
owe to the ingenuity of Scheele. To the expressed juice 
of the lime or lemon, contained in a vessel ‘of earthen ware, 
_or white wodd, add, very gradually, finely powdered car- 
-bonate of lime (chalk or whiting), and stir the mixture 
Well after each. addition. An effervescence will ensue; and 
as long as this arises, on adding fresh portions of chalk, 
more chalk will _be required. Pie exact proportion it is 
impossible to assign, on account of the variable strength of - 
the acid juice. In general, from six to eight ounces of 
chalk are sufficient to saturate a wine-gallon of lime-juice, 
When: it ceases to excite effervescence, and the liquor has 
lost its sour taste, allow the mixture to settle; decant the 
liquid, and add a quantity of water. Let the powder sub- _ 
side; the liquor be again decanted, and thrown away; and 
these operations rion ely till the water comes off nearly 
colourless. The insoluble precipitate consists of citric acid, 
united with lime; add to it a quantity of sulphuric acid, 
of the density 1.8 equal to about three fourths the weight 
of the chalk which has been employed, and, previously di- 
lnted with 20 parts of water.—Let the acid and precipitate 
remain together 24 hours; during which time they must 
be Sauantly stirred, Then let the white sediment, which 
_consists of sulphate of lime, subside; decant the clear 
liquor; add more. water till it comes off tasteless ; and 
mix all the liquors together. The solution, containing 
citric and sulphuric its and some mucilage, is to be 
evaporated in shallow earthen dishes, placed in a sand... 
heat. Reduce the liquid to about one fourth of its bulk 
by evaporation ; separate the sulphate. of lime; which will 
be deposited, and again waste the liquor, by a heat not 
above 212°, to the consistence of syrup.—Dark brown 
crystals will form on cooling, which must be set to drain ; 
and the remaining liquor, when again evaporated repeat~ 


t ® 


200 | VEGETABLE PRODUCTS. — CHAP: XX 


edly, will continue to yield fresh crystals. To purify these, 
let them be dissolved in water; and the solution be again 
evaporated. After the second crystallization, their colour 
will be improved ; but it will require three or four crystalli- 
zations to obtain them perfectly white and well formed: a 
this state, they are the pure citric acid. 

‘The proportions, which I have recommended for the pre- 
paration of citric acid, differ a little from those, which have 
been deduced by Proust from his experiments. Four ounces _ 
of chalk saturated, he found, 94 ounces of lemon juice; the 
citrate of lime weighed seven ounces four drachms. But 
; the four ounces of chalk, or 32 drachms, contained. only 
174 drachms of lime; and, from the analysis of citrate of . 
lime, it appears to contain 70 parts of citric acid in 100. 
Hence the, seven ounces four drachms contained 412 
drachms of citric acid. But to expel the carbonic act 
completely from four ounces \of chalk, five ounces of sul- 
phuric acid of commerce were found necessary. This pro- 
portion, therefore, he employed in decomposing the citrate 
of lime. Six ounces of the citrate, by two crystallizations, 
gave 31 ounces, or 28 drachms, of pretty large crystals; 
fi om whence it follows that the whole 74 ounces would have | 
given 4 ounces 3 drachms of citric acid *. 

The citric acid, which is made for sale, is generally pre+ 
pared from lime-juice. The quantity of solid citric acid, in 
a gallon of this juice, varies considerably ; ; but about six or 
eight ounces to the wine gallon is a fair general average. 
The only method of ascertaining its proportion consists inv © 
adding, to a quantity of the juice, solution of pure potasli till 
saturation is produced; having previously determined, by 
direct experiments, how much of the alkaline solution is re- 
quired to neutralize an ounce of crystallized citric acid. 

‘Pure citric acid forms beautiful transparent crystals, con- 
sisting of two four-sided’ pyramids joined base to base, or 
sometimes of rhomboidal prisms. An ounce of distilled 
water, at 60° Fahrenheit, dissolves an ounce and a quarter 


n" 


;  * Philosophical Magazine, x. 


f 
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of these crystals, or at the boiling temperature twice its 
weight, The crystals do not attract moisture from the 
atmosphere. They contain per cent, according to Berzelius, 


Real acid). +... <-..79 
Water iene osnes weed 


100. 

Only a small part of this water, viz. about 7 per cent, can 
be driven off by a degree of heat, just below what is suffi- 
cient to decompose the acid. The real proportion of water 
can. only. be determined, by uniting the acid with some basis, 
oxide of lead for example. 

Citric acid is decomposed at a high temperature, and 
yields products, which are constituted of carbon, hydrogen, 
and oxygen in uncertain proportions. A better method of 
effecting its analysis is that practised by Gay Lussac and — 
Thenards viz. combustion with hyper-oxymuriate of potash. 
By this process, they determined it to consist of 

Carbo Peis oe. 55-81 


Oxygen oods ssc ees 59.859 
— Hydrogen,..... 2.4. 6.330 


100. 


 Berzelius obtained results, differing considerably from 

these; owing, he believes, to the want of due allowance, by 

Gay Lussac and Thenard, for the ecard of water of crys- 
tallization. His proportions are . 


anand issn. te) 
RY Pele iites sie's vas «Oe 
Hy TOgeNS, =. s+... 3.80 


100. 


‘When treated with about three times its weight of nitrie 
acid, the citric acid is coriverted partly into the oxalic, of 
which it gives half its weight. As the proportion of nitrie 
acid is increased, that of the oxalic is diminished, till at 

3 


ra 


G02 VEGETABLE PRODUCTS. CHAP, XX., 


length it disappears altogether, and acetic acid appears to 
be formed. ! 


Citric acid readily unites with alkalis, parley and. metallic 


pasey. He , 


CITRATE OF POTASH. —According to Vanquelin, 36 parts 
of crystallized citric acid, dissolved in water, require for satu~ 
ration 61 of crystallized carbonate of potash: and the result 
isan extremely soluble and even Denanraneny salt, ampoced 
of 554 acid and 44s alkali. | 

_ CITRATE OF Sopa is a very soluble, silts Thirty-six tiavi | 
of citric acid neutralize 42 of dry sub-carbonate of soda ; 
and hence 100 parts of the citrate consist of 60.7 acid and 
39.3 base. 

. CITRATE OF AMMoNIA.—The same quantity of. citric ai 
phiaeedes 4.4 parts of sub-carbonate of ammonia ; and affords 
a’soluble and difficultly crystallizable composed, in mene 
pt of 62 acid and 38 base. 

CITRATE OF BARYTES consists of equal bachah of seid and 
a It is an insoluble salt of little importance. 

CiTRaTE OF MaGNEsIA.— Thirty-six parts of crystallized 
_acid neutralize 40 parts of sub-carbonate of magnesia. Hence 
100 parts of the salt contain 33.34 base and 66.66 acid. The 
salt is soluble, but not crystallizable. 

CirraTE oF Lime.—Crystallized citric acid, dissolved in 
water, requires an equal weight of chalk for saturation. The 

compound, when neutral, is insoluble; but with an excess of 
acid it becomes readily soluble. Th was found by Gay ausene 


and ‘Thenard to consist. of i pap 


Acid 3. 5..68.83' 
Lime. ee Pea ta 31.17 


The, METALLIC crTRATES have been but little examined. 
‘The compounds of this acid with the oxides of iron are of 
the most importance ; from the use which is made of it as 2, 
discharger in calico-printing. 


& me 4 
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_ ART. 2, eater Acids piphiinltne 
The acid exists inthe gall-nut, along siti tan and other 
substances. In Sir H. Davy’s experiments, 400 grains of a 
saturated infusion of galls, gave 53 of solid matter, composed 
of nine tenths tan and one tenth gallic acid. , The acid may 
we obtained by exposing an infusion of galls.in water to the 
»Amouldy pellicle, will form on the surface of the infu- 
sion; and, after.some months’ exposure, small yellow crystals 
-will appear on the inside of the vessel. ‘These crystals must 
be dissolved in alcohol, to separate them from other subs 
stances, ‘and the solution evaporated to dryness. 

It may also be procured by sublimation. Pounded gills 
are to be put into a retort, and heat applied. ,| The gallic acid 
will rise, and be condensed in the neck of the retort in a 

‘solid form. ‘This process is recommended ‘by Deyeux as 
preferable to any other. 

The gallic acid may be. aul from thevanfusian of 
galls, by adding muriate of tin till the precipitate ceases to 

appear. This precipitate may be reserved for the experi- 
ments detailed under the article Tan. _ From the remaining 
solution the superabundant oxide of tin must be precipitated 
by sulphuretted hydrogen gas, and the clear ufone on eva- 
poration, yields omuikdle of gallic acid. : 

From one.ounce of galls, according to Hlniesdian, ebont ’ 
| sharin drachms of gallic acid may be Shaeabialt | | | 
_. In Nicholson’s 8vo.. Journal, vol. i. page 236, a very sim 
ple process for obtaining gallic acid is proposed by M. Fied+ 
ler. Boil an ounce of powdered galls, in sixteen ounces of 
water down to eight, and strain the decoction. Precipitate 
also two ounces of alum, dissolved in water, with a sufficient 
quantity of carbonate of potash, and, after having:washed the 
precipitate extremely well, add. it to the decoction, and digest 
the mixture for 24 hours, shaking frequently. The Si ies 
combines with, and carries down, both the tan and extract ; 
and the filtered solution yields, by gentle evaporation, crys~- 
tals of gallic acid. , 

i none of these hee slg can gallic acid be ob~ 


a, 
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is contaminated with a small portion of extract.—To purify 
it, Deyeux advises its sublimation. Over a glass capsule, 
containing the impure acid, and placed in a sand-heat, an- 
other capsule is to be inverted, and kept cool—On the im- 
pression of the heat, the acid rises into the upper one, in the 
form of white needle-shaped crystals. 

The pure acid has the following characters : 

1. Its crystals have the form of transparent plates or octo- 
hedrons. ‘They have an acid and somewhat astringent taste. 

2. Gallic acid burns with flame, when placed on a sis 
fron, and emits an aromatic smell. } 

§. It is soluble in 24 parts of cold, or three of boiling 
water. Alcohol, when cold, dissolves one fourth, or an 
equal weight when heated. 

4. The solution reddens blue vegetable colours, and effer- 
vesces with alkaline carbonates. 

5. Nitric acid converts the gallic into oxalic acid. 

6. It unites with alkaline solutions without producing any 
deposit; but from watery solutions of lime, barytes, and 
strontites, it occasions a blueish precipitate. . Of the combi- 

nations of earths with acids, it decomposes those only with 
base of glucine, yttria, and zircon. i 

7. It precipitates most metals from their solutions; gold, 
silver, and copper, of a brown colour ; lead, white; mercury, 
orange; bismuth, yellow; and iron, deep black. The pre- 
cipitate from solutions of iron is soluble in an excess of acid. 

‘It forms the basis of ink, which, according to Deyeux, con- 
sists of carburetted oxide of iron, and gallate of iron. 

8. By a moderate heat, it is sublimed without alteration, 
but a strong heat decomposes it ; and aériform products are 
formed, which show it to consist of hydrogen, oxygen, and — 
carbon in proportions not yet exactly determined. 

A full and valuable history of the gallic acid, and the pro- 
cess for obtaining it, by Bouillon La Grange, may be-con- 

sulted in Nicholson’s Journal, xvii. 58 *.. This chemist has 


* The reader will find, also, much important matter on this subject im 
Messrs. Aikins’ Dictionary of Chemistry, article Gall Nut, aid im Dr. 
Bostock’s papers in Nicholsen’s Journal, vol. xxiv. 
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lately, however, expressed a doubt of the claim of the gallie 
acid to be considered as a distinct acid, and suspects that if 
is only a modification of the acetic. Its properties, he re+ 
marks, differ according to the method i in which it. has been; 
prepared *. | 

Art. 3.—Malic Acid. | 

This acid exists in the juice of apples, gooseberries, and. 
of some other fruits, and is found mixed with the citric, and| 
occasionally with other acids. It may be obtained by eva. - 
porating the juice nearly to dryness, and then adding alco - 
‘hol, which dissolves the acids, and leaves the mucilage. Tio 
this solution of citric and malic acids in alcohol, chalk is t o 
be added to saturation, and the precipitate to be washed wit h 
boiling water, which takes up the malate of lime, and leav es 
the citrate. The solution of the malate : lime aay then be 
decomposed by sulphuric acid. 

Or the juice of apples may be saturated with carbor rate of 
potash, and mixed with a solution of acetate of lead, ° till the 
precipitate ceases. ‘This precipitate is to be washe d with 

water, and dilute sulphuric acid is to be added, till the > liquor 

acquires an acid taste, unmixed with any sweetness. The 
liquor is to be filtered, to separate the sulphate of le: id, and. 
evaporated. It yields no nb eed but a thick wy! ior of a 
cherry-red colour. 

~ Vauguelin has shown that the malic acid may be o btained 

advantageously from the juice of house-leek (semp ervivwm 
tectorum) by adding acetite of lead, and decomposing » the in- 
soluble malate with sulphuric aid. It is formed, alse », by the 
action of nitric acid on sugar. Equal weights of the two 
are to be distilled together, till the mixture assumes a brown 
colour. ‘The oxalic acid may be separated by addi ng lime- 
water ; after which, the remaining liquor is be satur: ated with 
lime and filtered. On the addition of alcohol, a ¢ :oagulum 
of malate of lime is formed, which may be dissolved in water, 
and decomposed, as before directed, by acetate of lead and 
afterwards by sulphuric acid. 


* Annales de Chimie, Ix, 156. 
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‘The malie acid is liquid; and incapable of being crystal- 
lized; fory when evaporated, it becomes thick and viscid, 
likesyrup. It is very soluble in water. © By keeping, it un- 
dergoes a kind of decomposition. Nitric acid converts it 
into oxalic acid. It unites with alkalis and earths, » With 
dime it forms a salt which is almost insoluble in cold water, 
but readily soluble by hot; and in consequence of this last — 
property, it may: be patil separated from the oxalic, citric, 
and tartaric acids. It precipitates mercury, lead, and silver 
bic nitric acid; and decomposes, also, the solution of gold. 


' ART. 4,—Tar taric cid, and its Comiingnce® 


“The tartaric acid i is gener ally obtained from the siiicrtay 
trate of potash ceo cream of teria) by the (ollpwine 
process : 

Let 100 ate of finely Bowden cream of tartar be inti- 
mately mixed with about 30 parts of pulverized chalk. This 
is best done by grinding them together in a mortar; and 
passing the mixture through:a sieve. Let the mixture be , 
thrown, by spoonfuls, into eight. or ten times its weight of | 
boiling water ; waiting for the cessation of the violent effer- 
Vescen¢ C5 nahich is eine He by each addition, before . any 
more ig thrown in. This met hod I find preferable to the — 
entire solution of the cream of tartar in the first instance, 
which t-equires a very large quantity of water. If it should 
appear,)from the effect of the liquor on litmus paper, that 
the chalk has not been added in sufficient quantity, more 
_may be gradually used, till the colour of the litmus is no 
longer r ‘eddened. | 

By this operation, a quantity of insoluble tartrate of lime 
will be firmed, which is to be allowed to subside, and washed, 
three or four times, with cold water, To the tartrate of ~ 
lime, diff ised through a sufficient quantity of water, concen- — 
trated sul'phuric acid may be added, equal in weight to the © 
chalk which has been employed. The mixture may be al- 
lowed to stand for 24 hours, during which it should be fre~ r 
quently agitated. Assay alittle of the clear liquor, by pour- 
ing inte it, some solution of acetate of lead. A copious pre- ~ 


seer, (2? TARTARIC acip. : B07. 


cipitate will be formed, which may either consist of tartrate 
Of lead; or of a mixture of tartrate with sulphate oflead. To 
determine this, add diluted nitric acid, which dissolves the 
tartrate but not the sulphate. A. small proportion of the 
latter is desirable, because the tartrate of lime cannot be 
wholly decomposed without an excess of sulphuric acid ; but 
a large excess of that acid is injurious, from its re-acting on 
the tartaric acid, when heat is applied in the subsequent part 
‘of the process. The deficiency of sulphuric acid should be 
supplied by adding more; or a great redundance of it re- | 
moved by the addition of alittle chalk:””! "The evaporation of 
the solution may now be carried on, in a manner precisely 
similar to that directed for the citric acid; and the crystals 
purified by a second solution and evaporation. 

The liquor remaining after the addition of chalk, consists 
ofthe neutral tartrate of potash. It may be decomposed by 
adding muriate of lime, till no farther precipitation ensues. 
An insoluble tartrate of lime falls down, which may be de- 
composed by sulphuric acid, in the way. already directed. 

Or the tartrate of potash may be evaporated to dryness, and 
reserved for other purposes. Ifthe tartrate of lime be formed | 
‘by the first operation only, the product of crystallized acid . 
‘amounts to between one fourth and one fifth the weight of 
the cream of tartar. But the decomposition by muriate Rh 
lime doubles the quantity of acid produced. 

Quicklime has been recommended as a. substitute for 
chalk in this process; but I have never found that it could be 
employed with any advantage; for a quantity of caustic 
“potash is set at liberty by its action, which dissolves the tar-_ 
“trate of lime, and prevents it from precipitating. When 
chalk is employed for saturation, that part of the acid only 
is neutralized, which constitutes the seper-salt; but with 
: quicklime the operation is carried still farther, and she neu-, 
tral tartrate, also, abandons its acid. 

The tartaric acid forms regular cr ystals, the shape of 
“which varies considerably according to the circumstances of - 
their preparation. They require for solution five or six parts 
of water at 60° Fahrenheit. but are much more soluble in. 
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boiling water... The solution, like that of most other vege- 
table acids, acquires a mouldy pellicle by seeping: ~The 
crystals were found by Berzelius to consist of 


Real acid ........88.75 
RVALEI SS ce eee eee 


100. 


Bergman paca tartari ic acid to distillation with nitrie 
acid, in the manner of obtaining oxalic acid, but without 
being able to produce the latter acid. Hermbstadt, how- 
ever, by using a very concentrated nitric acid, succeeded in 
converting the tartaric into the oxalic acid, and from six 
drachms of the former obtained four drachms and two scru- 

ples of the latter. Westrumb, also, was successful in the 
same attempt, and adds that the tartaric acid may be changed 
into the acetic by digestion with water and alcohol. 

When distilled ind | in a strong heat, the tartaric acid 4 is 
decomposed; it yields a quantity of dark-coloured acid 

liquor, which has erroneously been supposed to be acetic 
acid; and a large quantity of combustible gas is obtained. 

From the experiments of I Fourcroy and “Vauquelin, it ap- 
pears that the pyro-tartaric acid is a peculiar species. From 
the acetic, it differs in being less volatile and less odorous: 
in being crystallizable by evaporation; and in affording, 
.with potash, a salt which precipitates acetate of lead. It is 

: distinguished from the tartaric acid, in not occasioning any 
precipitate from the acetates of lime, of barytes, or of dead ; - 
and in not forming, with potash, an insoluble salt when the 
acid is in excess.—Influenced by the results of these experi- 
ments, the same chemists submitted the pyro-mucous and 
pyro-lignous acids to a fresh and rigid examination, which 
terminated in the conviction that she both consist of acetic 
acid, holding in combination a Gnantaty of empyreumatic 
eil *. ‘ 

Tartaric acid has been recently icleeed by Gay Lussac: 

* Annales de Chimie, lxiv.42; or Nicholson’s Journal, xxvis 44. * 
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and Thenard, and by Berzelius ; and their results are con- 
tained in the following Table. _ One hundred parts consist, 


ES ; , Carbon. Oxygen. Hydrogen. 
According to Gay Lussac, of . 24.050... 69.321 ....6.629 
St eee Berzelius, of. ee 39.98 “eee 60.28 eos 3.14 


The disagreement of these results arises, probably, from 
the omission of part, of the water of crystallization in the 
‘estimate of the two first-mentioned chemists. | 

Tartaric acid unites with alkaline and earthy bases, and 
affords a distinct class of salts called tartrates. 

TARTRATE oF PoTAsH may be obtained by adding sub- 
carbonate of potash either to cream of tartar, or to the solu- 
- tion of the crystallized acid, till all effervescence ceases. Ac-. 
cording to Von Packen 120 grains of sub-carbonate require 
for saturation 112 of pure tartaric acid. Mr. R. Phillips 
finds that 100 parts of cream of tartar require for neutraliza- 
tion 431 of subcarbonate of potash. ‘The resulting salt is 
very Ealnble, and eyen deliquescent. It is composed, ac- 
cording to Berzelius, of rut has: 

y Abie bites SN ESO ah ADO 
Deseo eee ehh ans ss Oe 


100. 


- SUPER-TARTRATE OF PoTasH.—If into a dolition of the 
neutral tartrate, we pour a solution of tartaric acid, a white 
powder falls down in great abundance, which is a compound 
of the neutral salt, and an additional quantity of acid. This 
is an example of the diminution of solubility, by an increased 
proportion of the acid ingredient of a salt. The tartaric acid,’ 
in this proportion, has even so strong an affinity for potash, 
that it separates this alkali from the mineral acids. ‘hus’ 
_ by adding tartaric acid to the muriate of potash, we obtain 

a precipitate of super-tartrate of potash. ‘i 

The substance, which is known in commerce under the 
name of ¢arfar, is an impure variety of this salt. When 
purified, it affords white crystals, which, by being reduced 
into powder, form the cream of tartar of the shops. 

VOL. II, B 
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Super-tartrate of potash requires fot its solution a very 
large quantity of water, not less than 120 parts of water at 
60° Fahrenheit, or 30 at 212°. Hleice its solution deposits 
the salt on cooling in such quantity as amounts almost to pre- 
cipitation. 

From the experiments of Deron its composition may 
be stated at. 

Reidisile ss -70.45 6 ees LOO 


Potash ......24.80....000- 35.2 
\Makariies sis 4.75 


100. 


This small portion of water appears to be essential to the 
galt; for it cannot be separated by heat, without decomposing 
the acid: When 100 grains of the salt are incinerated, so 
as to destroy the acid, the alkali obtained is exactly suffi- 
cient to neutralize 100 grains of the supertartrate; a proof 
that the potash in the acidulone salt is combined with twice 
as much acid, asin the neutral compound. 

By the destructive distillation of super-tartrate of puinsh; 
Fourcroy and Vauquelin obtained, exclusively of acid and 
charcoal *, of 


Pure dry sub-carbonate of potash.....¥850 
“atteete Ob Tite yg cco vals foe att tlle OMe 
1 ak maar pia bsihe adl’ Danae retinitis 5 
Abenaset nied fo oli Waived se ay 0.25 | 
pte Asean: mph nt MEP ths aire Rok 0.75: 


Tanner OF POTASH AND’sopa may be formed by. neu- 
tralizing 24 parts of cream of tartar with 18 parts of sub-car- 
bonate of soda. The resulting salt is well known, from its 
being employed in medicine under the name of Rochelle Salt. 
It, requires, for solution, about. five parts. of cold water, but 
“much less at the boiling temperature. From the experi- 
ments of Vauquelin it appears to be composed of 54 parts of 
tartrate of Betas, and 46 parts of tartrate of li 
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_ The rartuy TarTRATES have no particularly interesting 
properties. With the exception of those of magnesia and | 
alumine, they are insoluble. Tartrate of lime consists of 
774 acid and 221 base; and tartrate of lead of $73 acid and’ 
621 oxide. 


Art. 5.—Benxoic Acid. 


_ This may be obtained from a substance termed gum ben- 
zoin or benjamin. The process consists in pulverizing a 
pound and a half of gum benzoin with four ounces of quick- 
lime, and then boiling them for half an hour in a gallon of 
. water, constantly stirring. When cold, the clear liquor is 
poured off; and what remains is boiled, a second time, in 
four pints of water, the liquor being poured off as before. 
The mixed liquids, after being boiled to one half, are filtered 
through paper; and muriatic acid is gradually added, until 
it ceases to produce a precipitate. Finally, after having de- 
canted the liquid, the powder is dried in a gentle heat, and 
sublimed from a proper vessel, placed im a ere sored into 
cones of writing paper. 

‘Benzoic acid has a peculiar and not digairdedte odour. 
Its crystals are soft, and cannot be reduced to powder. It 
is volatilized, in white fumes, by a moderate heat. It re- 
_ quires for solution about 24 times its weight of boiling water, 
which, as it cools, lets fall 4¢ths of Pes it had dissolved. 
It is soluble in alcohol. 

_ The composition of this acid has been aavevtainled by Ber- 
zelius, as follows: 


Carbon eereee ae ee eo Th.41 
Oxygen. ..+..-++.-+, 20,43 
SLVOKOGE save acces OerO 


100. 


The compounds, which it forms with alkaline and earthy 
bases, called nENzoatEs, are fully described by Hisinger in 


the 40th volume of the Philosophical Magazine. 
akg 
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wild 4 6.—The Oxalic Acid 


1s also found native in the juice of sorrel, forming a qua-. 
droxalate, and as appears from the experiments of Vauqueliny, 
in the Rheum Palmatum. 


, 


“= 
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Art. 7.—Moroxylic Acid. 


Mr. Klaproth has lately discovered a new acid, combined 
with lime and extract, in a saline mass, which exudes front’ 
the trunk of the white mulberry, morus alba, L. It was’ 
collected, by Dr, Thomson, from trees in the botanic garden: 
at Palermo; and seems peculiar to those iadivid wails that’ 
grow in hot climates. Its characters have not been fully | 
ascertained. From its origin, it has been called, by Klap~ 
roth, MOROXYLIC ACID, and its compounds MOROXYLATES™. 


Arr. 8.—The Laccic Acid” 

. (Which, in strictness, should be classed among animal . 
acids) is obtained. from the white lac of Madras, from which, . 
when liquefied, it oozes out in drops. It is in the form of a 
reddish liquor, having a slightly bitter saltish taste; but,-on! 
evaportion; it shoots into acicular crystals. It may be raised. _ 
in distillation. It combines with carbonate of lime and soda, : 

and excites effervescence. It precipitates barytic salts; as- 

sumes a green colour with lime-water, and a purplish one. 
with sulphate of iron. A full account of its properties, and 
of those of the substance that affords it, may be found: in : 

Dr. Pearson’s paper in the Spear ca Transactions, 1794. 


ART. 9. — Phosphor tC Acid 


Exists in almost all vegetable substances, and particularly. 
in all the varieties of grain, not however in a free state, but: 
in combination chiefly with potash and lime.,..-Hence;ithe 


scaeeated f : . - hs ; 


» s . ; i . re ie A 
* See Nicholson’s Journal; 8vo. wii. 129.) 2) 620. 
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coal of almost all kinds of seeds affords. phosphorus by dis- — 
tillation, a fact originally observed by Margraaf, and con- 
firmed $i hide recent tna ig of hig e*. ‘ 


adh OP is ] Phas 


awit Art. 10. —The Prussic Aid LPO DC QIAT 


ce bean his ne in wet distilled from Jase Sanaa 
frost the:leaves of the laurel, and from peach blossoms, and 
in the bark of the prunus padus..'. When. the distilled liquid 
as neutralized. with potash, a-erystallizable salt’ is obtained, 
the solution. of which throws down Prussian. blue from the 
salts.of iron... Vauquelin, also, obtained prussic acid by. dis 
tilling water, with a very, gentle heat, from thekernels,of 
apricots t., The properties of the prussi¢, acid will, bac describ: 
ed in the chapter .on apimal products, aEisIo 5 df 


“ 


mis, Tt Mears 11.—Boletic Acid. 


This acid was first obtained by Braconnot, fre rom the j Juice 
of the loletus pseudo-ignariust. ‘The juice was boiled, fil- 
tered, and evaporated cautiously, to the consistence of syrup. 
This” was repeatedly digested in alcohol ; ,the insoluble por- 
tion was dissolved in water, and prdeipitated by nitrate of 
Jead. The white precipitate, thus obtained, was mixed with 
‘water, and decomposed by sulphuretted hydrogen gas. The 

liquid, being evaporated, yielded crystals of Loletic acid. 

The crystals, when purified by solution in alcohol, and 
re-crystallization, are white,-and have the shape of irregular 
four sided prisms. ‘They require 180 parts of water at 68° 

‘to dissolve them, and 45 parts of alcohol. ‘The aqueous so- 
‘lution reddens vegetable blues, precipitates nitrate of lead; 
and throws down the peroxide, but not the protoxide of iron, 
from its solutions. Nitrates of silver and mercury afford 
awith, ita, white \precipitatey:| .f)0./uido ov alia we 

. With-the alkalis and.earths, it united seen forms Fy Alben of 
mates which may be called boletates. 


ae we 


* oN teholson’ s J oumal x3 XXV-. 279, “Annales de Chimie, xlv. 206, 
_ { Thomson’s Annals, ii. 469. 
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Art. 12.—New Acid discovered by Braconnot. — 

A new acid has been discovered, by Braconnot, in veges 
table substances *, which have undergone the acetous fer- 
mentation. He first procured it from rice, which had been 
: left, mixed with water, at a gentle heat, till it had become 
sour. When drained in a woollen bag, a liquid passed 
through, which gave acetous acid by distillation, Con- 
: tinuing the evaporation, almost to dryness, a gummy sub- 
stance was left, ‘having a decidedly acid taste. This was 
digested in alcohol, and the solution, evaporated to the con- 
sistence of syrup, became a granular crystalline mass with a 
strongly acid taste. It still, however, contained a salt with 
base of lime.. The excess of acid was, therefore, neutralized 
by oxide of zine; the salt obtained was decomposed by bary- 
tes; and the barytes precipitated by sulphuric acid. The 
liquor, being now carefully evaporated to a syrup, left an 
uncrystallizable, almost eclonrless, acid, nearly as strong to 
the taste as the oxalic. 

With potash and:soda, this acid gave ve deliquescent salts, © 
soluble in alcohol; and, with ammonia, a crystallizable salt. 
‘It formed, with lime, a salt, which required 21 times its 
weight of water for solution; with strontites, a salt soluble 
in 8 parts of water; with barytes a gummy substance ; and, 
with magnesia, small granular crystals, which were not so- 
luble in less than 25 parts of water. 


SECTION VI. 
Fixed Oils. . Be 


l. “THese a are ohtarnad. by pressure, from certain ve- 
getables; as. the olive, the almond, ant poppy-seed, 
rape-seed, § &e. 


“* 86 Amn, de Chim: 84. | 
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2. As thus obtained, they are generally found combined 
with mucilage, to the spontaneous decomposition of which is 


chiefly owing the ne that oils undergo by keeping; called | 


rancidity. fist 9 


3. They are usually coloured, but ek be Sleystiioall of 7 


colour by digestion with charcoal. 

4, Their specific gravity is commonly bigtlecn that of wa 
oti and water. Hence they sink in the former, and float 
on the surface of the latter fluid. They cannot, by strong 
agitation, be brought to combine with water, but always se- 
parate on standing. When the seeds, however, which con- 


tain them, are rubbed with water, especially if a little sugar’ 


be added, an imperfect solution is obtained called an emulsion. 
On adding an acid to this, the oil is detached, and floats on. 
the parface: 

~ 5. The expressed oils of linseed and of ene Mr. adn 
finds, are very sparingly soluble in alcohol of specific gravi- 
ty .820. Four ounce measures of alcohol dissolve a drachm 
of linseed oil. Castor oil is perfectly soluble in every pro- 
portion in alcohol of .820, but not in weaker alcohol *. 

6. Four ounce measures of sulphuric ether of specific gra- 

vity .7563 are capable of dissolving a fluid ounce and quarter 
of oil of almonds; a fluid ounce and half of olive oil; and 
almost any proportion of castor oil. (Brande) 
“7. Some of the fixed oils congeal, or become solid, by a 
“very moderate reduction of their temperature; and others, 
as palm oil, are permanently thick, or form a soft solid like 
butter, at the temperature of the atmosphere. 

8. They unite with alkalis, and form soap. The soap, 
however, which is commonly manufactured in this country, 
is made by combining the fixed alkalis with tallow. Of the 
_ processes followed in the preparation of soap, both from ve- 


getable and animal oils, an excellent description is given in ' 


Messrs. Aikins’ Chemical Dictionary. A memoir of Chev- 
teul on the Combination of Alkalis with Fat may, also, be 
consulted in the 88th volume of the Annales de Chimie. ~ 


* Phil, Trans. 1811, p. 265. 
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Soap is readily soluble in water. The solition is decom- 


_ posed by acids, and by neutral salts with earthy bases. Hence 
hard:waters, which contain earthy salts, oundle soap; their 


acid uniting with the alkali of the soap, and setting the oil 
at liberty. , When a strong solution of soap is mixed with 
one of a metallic salt, a substance is formed, termed a metalli¢ 
soap. The alkali’ unites with the’ anid of the at and the 


| ‘oil with: the metallic: oxide. | 


9. Fixed oils dissolve sulphur, anil form ki of balsam. 
They act also on‘ phosphorus. 

10. Their properties are changed by boiling with metallic 
oxides, those of lead for example. ‘The mucilage unites 
with ths oxide, which probably gives up a portion of its oxy 
gen to the oil, and the oil is rendered drying, and fit for the 
use of the painter. If the oxide be added in larger propor 
tion, the mass, when cold, composes a plaster. 

11, Fixed. oils, when distilled with a gentle heat, -yield 
olefiant and carburetted: hydrogen gases.. A portion of the 
oil passes over, also, without decomposition. _ Hence they 
cannot be considered. as absolutely fixed, but have received 
this name chiefly from a ‘comparison with the essential or 
wolatile oils. By repeated distillations the whole of any fixed 
oil may finally be changed into gaseous matter. 

12. Fixed oils are extremely combustible; and when 
burned in an apparatus, adapted for collecting the products 
of. their combustion, they afford carbonic acid and water. 
Jt may be inferred, therefore, that they are composed of car- 
bon and hydrogen, 1 the proportions of which, according to 
the experiments of Lavoisier, are 79 of the former and dy 
of the latter. . From this statement, however, oxygen Js ex- 
cluded, which it is probable all fixed oils contain. . Its pre- 
sence indeed. is almost demonstrated by Sir H. Davy’s ex- _ 
periments. | When a globule of potassium, he observes, is 
introduced into any of the fixed oils made hot, the first pro-. 
duct is pure hydrogen, which arises from the decomposition 
of the water absorbed by the crust of potash during exposure 
to the.atmosphere. If the globule be previously freed from 
this crust, carburetted hydrogen is disengaged, coaly matter 


* 
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deposited, and a soap is formed ‘Td generate the’ alkali, 
however, which this soap contains, oxygen must necessarily 
have been supplied'by the decomposition of the oil. Sir H. 
Davy has also found, in the products of their. destructive 
distillation by heat, a proportion of water, to the production 
of which oxygen, is essential *. But decisive proof of the 
presence of oxygen in oil has lately been supplied by Gay 
Lussac and Thenard’s analysis of olive oil, which they find 
to be composed of 


Carbonen «ntsc satnies b SOP OL OLS 

Bd 1 CER EA eg aD ohn < veed 

PETVUYOBEH ose sete ey ce tee ties orb oOOU 
21 h0On; 


The analysis may also be stated as follows: 


bij. 4g 110 arias Bae A bier Bias Sey MY ert) 

Oxygen and hydrogen in hee 10.712 
proportions to form water ; 

Excess of hydrogen ....... + sow b2,075 
re | 100. 


13. Nitric acid acts with great energy on the fixed oils. 

In asmall proportion, its chief effect is to render them thicker. 

"When distilled together with a larger proportion of acid, 
the oil is decomposed, and nitrous gas disengaged; oxalie 
acid remaining in the retort. Red and smoking nitric acid, 
when suddenly mixed with a fixed oil, especially with the 
addition of a little sulphuric acid, occasions a violent com- . 
bustion. Oxymuriatic acid gas, passed through them, se 
ens them and renders them tenacious like wax, 

14. The fixed oils have a singular property, which has 
led sometimes to serious accidents. When mixed with lamp 
black, or with any light kind of charcoal, and even with 
several vegetable substambes; as cotton, wool, or flax, the 
‘mixture, after some time, heats spontkwedtaly, and atlength 


. Philosophical Trangactions, 1809; 


* 


as 


218 VEGETABLE PRODUCTS, CHAP. X%& 


bursts into flame. This combustion has sometimes been ob- 
served to take place in the waste cotton, employed to wipe 
the oil from machinery; and has probably occasioned many 
of the dreadful fires, which have happened in cotton-mills, 
and for which no adequate cause could be assigned.) 
RRNA ea Ie I ota hs pinta 


Volatile or Essential Oils. 


. a 

Wrru the exception of the oil from the rinds of the feidon 
“and the orange, which are obtained by expression, the ess 
sential oils are procured, by distilling the vegetables that 
afford them, with a proper proportion of water. The oil 
either sinks to the bottom, or swims on the surface of the 
water, according to its specific gravity; but if the distilled _ 
water be long kept; Buchola finds that. the eis is converted 
into mucilage. r 

1. These ‘oils have a alice sume aint an acrid taste, 

2. They are volatized by a gentle heat. . Hence the spot, ~ 
which they leave on paper, may be removed by holding it at 
a small distance from the fire; but the stains from. eopressod 
ous gp permanent. 

3. They can, with ailbieuliy, ‘ip brought to unite seis 
pea ates " 

_ 4. They are soluble in aleohals ie # 

5. They do not. unite with water. With the intervention 
of @ little sugar, however, they are combinable, in’ isin 
proportion, with water. 

6, When nitric acid is poured upon elie ihe esticiuily 
if it has been: previously mixed with one fifth or. one sixth of — 
sulphuric acid, the mixture bursts into a violent flame. This 
experiment requires caution, as the inflamed oil is apt to be 
seattered about. . 

7. Several of them detonate, when sell iaithe riewlng 
-exygenized.muriate of ewe 20% take fire when poured 
into oxymuriatic acid gas. ie 
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8. Essential oils are didkceciiod by long exposure to air. 
This is owing, as Dr. Priestley first proved, to their absorbing 
oxygen, a fact which accounts, in some degree, for the i injee 
rious effects of,fresh painted rooms. 

9. Potassium decomposes the volatile oils when heated. 
Alkali is formed; a small quantity of gas is evolved; and 
charcoal is deposited. 

CampHor resembles the essential oils in many properties, 
but is not inflamed by nitric acid, which converts it into an 
acid, distinguished by peculiar properties *, and termed the 
camphoric acid. | | 
For this purpose, camphor is repeatedly distilled with four 
times its weight of nitric acid, till about 20 parts of acid have 
been employed. At each operation, the portion of camphor, 
which sublimes and escapes decomposition, is to be returned 
into the retort. The acid is susceptible of erystallization ; 
the crystals effloresce in the air, and are soluble in 100 times 
their weight, of cold, or in 11 times their weight of boiling 
water; they are combustible; and burn with a dense, aro-~ 

‘matic smoke; they melt and sublime with a gentle heat, and 

dissolve in the mineral acids. ‘They dissolve also in about 
six times their weight of cold alcohol, or to any amount in 
boiling alcohol; and are not precipitated by water. With 
alkalis and earths they compose a class of salts called cam- 
phorates. Tifty grains of the acid are saturated by 28 of 
carbonate of lime, = 15.7 pure lime. 

A singular substance, very much resembling poate in 
its sensible and chemical properties, may be eletaiand by 
passing muriatic acid gas through essential oil of turpentine, 
which absorbs about a third of its weight. The oil of tur- 
pentine becomes thick, from an abundance of a white erys- 
talline substance which forms in it, ‘This may be separated 
by draining off the liquid; and is found rather to exceed the 
weight of the essential oil submitted to experiment +. It 
is white, cr rpatalline, granular, volatile in a erseinet — 


_* Bucholkz, 84, Ana.de Chim, 301, eoeiany ew h) 
¢ Thenard, Mémeires d’Arcueil, ii, 
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and has very much the smell of camphor. By exposure to 
the air, it soon loses its property of reddening vegetable blue 
colours. As to the theory of its production, Pheuaee is of 
opinion that no decomposition of the oil of turpentine takes 
place;' but that’ the muriatic acid unites to it entire.- Ordi- 
jnary.camphor of commerce, he supposes, from analogy, to 
be a compound of an essential oil and a vegetable acid... 


, . tinh} 
: i 


SECTION VIII. 


* Resins. as 


¢ 
m + 
- : 


feet are the snepashitea juices of certain eles and ate ~ 
‘eenblp obtained by wounding their bark. Copal, or lac, 
may be taken as an example. “Dragon’ s blood, guaiacum, — 
‘sandarach, labdanum, common resin, and’ ap baa are 
also varieties of this’ substance. | ares 
2... They have generally a yellow ‘colour,’ and are imper- 
fectly transparent. | In’specific’ gravity they exceed wore 

3. They are dry, brittle, and extremely’ inflammable.” 

‘St They dissolve in alcohol, ether, and essential ‘oils but 

not at all in water, which even } pr epg rs ‘them fiom i 
- foregoing’solvents. © , 
.> 4, Both acids and alkalis act on pieae: ‘the pure alkalis 
most remarkably. The alkaline solution is clear, and may 
be diluted with water without decomposition ; ‘but acids im- 
mediately precipitate the resin. By mixing it with a sdlution 
-of a metallic salt,’ the oxide i is precipitated i in VOPoneera at 
“withresin, | 

5. By long continued and repeated digestion with nitric 
fwd ‘the resins afford a deép yellow solution, which has the 
property of precipitating animal gelatine, and agrees, thete- 
fore, with tannin, No oxalic acid is obtained’ by this pro- 
-cess, a circumstance which distinguishes the resins from all 
other.vegetable substances. « - oa Js il 

6. Concentrated sulphuric acid dissolves the powdered 
resins, If the solution be digested i in a moderate heat, sule 

‘ 6 : : 
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phutous acid is first evolved; ina few days this ceases} and’ 
a black porous coal remains, equal to between a’ fifth and a 
third the weight of the resin which’ has’ been: employed ; : 
whereas, by incineration in close vessels, scarcely teeth part. 
their weight’of coal is obtained. 

Acetic acid dissolves resins, which are pretiotiaied from: 
it by the addition of water. | 

7. Resins are the basis of varnishes, and are much used 
in medicine. | 

Bulsams are quid resins, holding in combination a pro= 
_ portion of benzoic acid *. 

. Gum-Resins, along with resin, have an admixture of ex- 
tractive matter, They dissolve partly in water, and partly, 
in alcohol... They are. almost :solely used in medicine. 
Asafcetida, gum-ammoniac, aloes, gamboge, PIE? opium, 
&ec., are yarieties of gum-resin +. _ | 

Guaiacum was erento by. Mr. Hatchett to differ from: 
other resins in giving oxalic acid by the action of nitric acid, 
and very little tannin. In other, respects, also, it has. been 
since shown, by Mr. Brande, to possess properties that do 

‘not agree with those of resins in general +. ) ; 

Amber is a resin possessed of peculiar properties, By, 
distillation it yields a distinct acid, called the suecinic.— 
To prepare this acid, let a glass retort be half filled ath 

powdered .amber, .and. the i idea with fine dry sand. 
Lute a receiver, arid apply a gentle heat. A-portion of water 
first comes over, which is succeeded by a weak acetic acid. 
The succinic acid then sublimes ; but j ig €ontaminated by a 
mixture of oil. It may be purified by solution and crystalli- 
zation; and it then forms transparent white shining crystals, 
having the form of triangular prisms. They are soluble in. 
24 times their weight of water, and in boiling alcohol. ‘The 
solution reddens the blue colour of turnsole, but not that of 


* See 69 Ann. de Chim. 293. | 

+ The reader, who may wish for further information respecting the 
gum-resins, tay consult Braconnot’s Memoir in the°28th vol. of Nichol= 
s6n’s Journal; ‘and Pelletier’s in the 80th vol. of Annales de e Chimie. sof 

{ Philos6phical Transactions, 1806, ©) 0 . 7 
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violets, and has an acid taste, It combines with alkalis, &c., 
and. forms succinates, the most important of which is the 
succinate of ammonia. This salt decomposes all the so- 
lutions of iron; and affords an insoluble precipitate, comi- 
posed of succinate of iron. Hence it is highly usefiil in the _ 
analysis of mineral waters. 


“ 


% 4 } 
‘SECTION IX. 
Farina, Starch, or Fecula. 


- SrancH miay be obtained from the flour of most varieties 
of grain, ftom the roots of the potato, and from almost — 
every part of vegetables, by a very simple process. The 
grain in the state of fine powder, or the root well rasped, 
is to be washed with a quantity of cold water which becomes 
turbid, and, if the fecula is white, milky. The fecula, how- 
ever, is not dissolved, but merely suspended mechanically ; 
and, after separating the fibrous and grosser parts by a 
sieve, it subsides to the bottom of the vessel. ‘The liquid, 
which contains the soluble parts of the vegetable, is to be 
decanted; and the farina to be washed by repeated affusions ~ 
of cold water. It may, afterwards, be dried ina gentle 
heat. ) 

From. the analysis of Dr. Pearson *, we learn that 100- 
parts of the fresh potato root, deprived of i afford 


aie Water....68 to 72 
Meal...4..32 to 28 


at | 100 100 et 
The. meal is composed of three distinct substances; viz 
 Béoula. oy eet. 15 to 17” 

Fibrous matter. .... 8 to 9 

_ Extract or mucilage 5 to 6 


oe ae 


* Repertory of Arts,, ili. 383. The: analysis of several varieties of: 
the potato by Lampadius may be seen in Thomson’s. Aunals, v.39. 
; 4 
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Some useful information respecting the quantity of fecula 
in different varieties of the potato, and the methods of se-- 
parating it; has been given by Mr. Skrimshire in the 21st 
yolume of Nicholson’s Journal. 

Common. starch may be taken as an cine of fecula. 
It will be found to have the following qualities: 

1. It is not soluble in water, unless when heated to 160°; 
and if the temperature be raised to 180°, the solution co- 
agulates into a thick tenacious transparent jelly. By eva~ 
poration at a low heat, this jelly shrinks, and at length 
forms a transparent brittle substance closely resembling 
gum. The solution of starch in a large quantity of water 
is precipitated by Goulard’s extract of lead; but not by 
any other metallic salt. 

2. Farina is insoluble in alcohol, and in ether. 

3. Pure liquid alkalis act on starch, and convert. it inte 
a transparent jelly. ‘The compound is soluble in alcohol. 

4, Sulphuric acid dissolves it slowly; sulphurous acid is 
evolved; and so much charcoal is disengaged, that the vessel. 
may be inverted, without spilling its contents. 

5 Nitric acid, at the temperature of the atmosphere, acts 
on starch, and dissolves it; but no oxalic acid appears 
subsequently, unless heat be applied. Hot nitric acid is 
decomposed by starch, and oxalic acid is generated. 

6. Starch, as it exists in-grain, is spontaneously con- 
-vertible into sugar. On. this property is founded the pro- 
cess of ealcns 

Another method of converting starch into sugar was 
discovered, three or four years ago, by M. Kirchoff of St.. 
Petersburgh... The change is effected by the action of sul-. 
phuric. acid, which is boiled, for many hours, with starch 
and water. The process has been successfully repeated by © 
several persons, and among the rest. by M. Vogel *, and 
by Dr. Tuthill of London +. The latter digested a poynd 
and: half of potato starch (obtained from 8% pounds of — 


: Aun, de Chim. 1.82,. rf Nich. Jour. vol. 334. © 
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potatoes) six pints of distilled water, and a quarter of an 


ounce by weight of sulphuric acid, in an earthen vessel, at 
a boiling heat; the mixture being frequently stirred and kept 
at an ies degree of fluidity by the supply of fresh wa~ 
ter. In 24 HOE there was an evident sweetness, which 
increased -till the close of the process; at the end of 34 
hours, an ounce of finely powdered charcoal was added, 
and the boiling kept up two hours longer. ‘The acid was 


.,then carefully saturated by recently burned lime ; and the 


boiling continued for half an hour, after which the liquor 


-.. was passed through calico, and the substance, remaining 


on the drainer, washed ‘repeatedly with warm water. ‘This, 
when dry, weighed seven eighths of an ounce, and consisted 
of charcoal ait sulphate of lime. The clear liquor, being 
evaporated to the consistence of syrup, and set aside, was in 
cight days converted into a crystalline mass, resembling 


common brown sugar with\a mixture of treacle. The sac- 


charine matter, which Dr. Tuthill judged to be interme- 
diate between cane sugar and grape sugar, weighed one . 
pound and a quarter. By fermenting one pound of this 
substance in the usual manner, and distilling and. rectifying 
the product, fourteen drachms by measure of tic ch 
were obtained. 

The theory of this process is not sek understood. It 
has been ascertained, by Vogel and Bouillon la Grange, 
that the sulphuric acid is not perce sree and its agency 
(which appears essential to the change) can only, therefore, 
consist in producing a slight alteration in the arrangement, 
and ‘probably in the proportion, of the elements of the 
starch. 

' 7. Starch is said by Dr. rpc to be la of en- 
tering into Chemical union with tan*. Of the existence of 
such a CURA OH, however, Dr. Bostock has found reason 


to doubt +. 


-g, Starch has been analyzed by one uss and Thenard 


* Nicholson’ s Journal, 8vo, ix.74. + Ditto, xviii, 83. 
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end by Berzelius, and the near coincidence of their results, 
obtained by different methods, is a strong presumption in 
favour of their accuracy. It consists, 


Carbon Oxygen Hydrogen 
According to Gay Visise of. ..43.55 2:49.68 ..6.77 
Berzelius, of. ..43.481..48.455 ..7.064 


9. When strongly heated, starch becomes first yellow, 
and afterwards a reddish brown; it softens, swells, and 
exhales a penetrating smell. If the process be stopped, a 
substance is the result, which is employed by calico-printers 
under the name of f British gum. ‘This substance, however, 
Vauquelin finds, is not a true mucilage; for with nitric acid 
it gives only oxalic acid, and no mucous acid*. 

10. When starch is distilled in close vessels, it yields‘an 
acid, which has been called the pyromucous, but which, ‘in 
fact, is nothing more than vinegar, with an admixture of 
empyreumatic il 

11. Whenstarch and iodine are triturated together, both 
in a dry state, the starch assumes a violet tint, which passes 
to blue or to black, according to the proportions that are 
employed. The colour of this zoduret of starch is reddish, 
if the starch be in excess; a beautiful blue, when the two 
bodies are in due proportion; and black, when the iodine 
prevails. This compound is soluble in diluted sulphuric 
acid, and the liquor is of a fine blue colour. Concentrated 
swphuric acid, also, dissolves it,, and the solution is brown, 
but passes to a beautiful blue on the addition of water. 
There is also a sub-ioduret of starch, which is white, but 
becomes blue by she action of almost any. acid + 


- * 80 Ann. de Chim. 317. See also Thomson’s ge ¥. XXXVili, an 
Ann. de Chim. xe. 29, 
| + Colin and-Gaultier de Claubry. 90 Ann. de Chin. 100. 
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SECTION X : Lieder 


laghocah: is ‘peky 


Pr 


GuuTEeN may be obtained from wheat-flour, by a very 
simple process. The flour is first to be formed, by the gra- 
dual addition of a small quantity of water, into a soft and 
ductile paste. This is to be washed by a very slender stream 
of water, a and, at the same time, to be constantly worked 
between the fingers. The water carries off the starch, an 
for some time is rendered milky. When it passes off trans- 
parent, the washing may be discontinu 
gluten remains in the hands, me 

The following are the properties of ee 

1. It is of agrey colour, and has so much elasticity, that, 
when drawn out, it recovers itself like elastic gum. It has 
scarcely any taste, and does not melt or loge its tenacity i 
the mouth. 

2. When exposed to a gentle heat, it dries very slowly, 
and becomes hard, brittle, semi-tr nsparent, of a dark 
brown colour, and somewhat like glue. . When broken it 
has the fracture of F Blass In this state it is insoluble in 
water... - vg 

3. When kept sapists it ferments. eet i Me Ease a sort of 
putrefaction, emitting a very offensive odour. At the same 
time a portion of acid is developed, which is perceivable by 
its smell, and which considerably retards the putrefaction: of. 
the gluten. In this circumstance, chiefly, it differs from 
animal gluten. “4 

4... When suddenly este: it first shrinks; then melts 
blackens, and emits a smell like that of burning horn. By 
distillation in close vessels, it yields a portion of water im-' 
pregnated with carbonate of ammonia; a considerable 
quantity of brown fetid thick oil; solid sub-carbonate ‘of 
ammonia; and carburetted hydrogen gas. ‘These iene 
resemble, very’closely, those of animal substances. 

5. It is generally described to be insoluble in water, in 
alcohol, and in ether. After fermentation, it is partially 
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soluble in aleohol, and the solution may be applied to the 
purposes of varnish. From the recent experiments of Dr. 
Bostock, gluten appears, however, by long digestion, to be 
partly soluble in water. The solution is precipitated by 
sicetate and super-acetate cf lead, by muriate of tin, and by 
other re-agents *. 

6. All tds dissolve it, and alkalis precipitate it, but 
eonsiderably changed, and deprived of its elasticity. It un- 
dergoes a similar change when dissolved in pure alkalis, and y 
tm by acids. 

. It exists most abundantly i in wheat-flour, of which it 
pe ein about one fourth, and is essential to its sound- 
ness; but it is found, also, in various vegetable j Juices f. 


ee 
SECTION XI. 


chen or Elastic Gum. f 


| Catpncnebes is olskefy the product of two trees, which 
are the growth of Brazil; the Hoevea Caoutchouc and Jatro- 
pha Elastica. When the bark of these trees is wounded, a 
white milky juice flows out, which speedily concretes in the 
air into an elasti¢ substance; and, when the juice is applied 
in successive coats, upon clay moulds, it forms the globular 
bottles, which are brought to this country. By an imme- 
diate and careful ech cin from air, the juice may be pre- 
served some time from concreting, and has occasionally been 
brought to Europe in a liquid state. But even, when thus 
preserved, a part of it, in the course of time, passes to a — 
solid form. If it could easily be imported in a fluid state, 
it would be invaluable, from its application to the rendering. 
cloth, leather, and other substances impervious to water. 
1. Caoutchouc is infiammable,. burning with a bright. 


*N dbcieaws Journal, xviii. 34. 
+ See Proust on the Green Fecula of Vegetables, Nicholson’s Journal, 
8yo. iv. 273. 
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flame in atmospherical air, and with still greater brilliancy._ 
in oxygen gas, or in oxy-niuriatic gas. 5 Bee 

2. It is insoluble in water and in alcohol. If long slips 

of caoutchouc, however, are tied spirally round a glass or _ 
metal rod, and boiled for an hour or two, the edges cohere, _ 
and a hollow tube is formed. ¢izo 
8. Caoutchouc is soluble in ether; not, however, i in the 
ordinary state of this fluid as it is found in the shops. ‘To 
render ether a fit solvent of this substance, it should be pu- 
rified by washing it with water, in the manner to be here- 

after described. he solution may be applied to the pur- 
pose of forming tubes or vessels of any shape. The princi- 
pal difficulty m using it arises from the great volatility of 
the ether, in consequence of which the brushes, or other in- 
struments, by which it is applied, are soon clogged up, and 
rendered useless. | 

4. Caoutchouc is soluble in volatile oils; but when they 
have evaporated, they leave it in a glutinous state, and de- 
prived of much of its elasticity. Petroleum dissolves it, 
and, when evaporated, leaves it unchanged. One of the 
most useful solvents, however, of caoutchouc, appears to be 
the cajeput oil, a substance lately admitted into the Pharma- 
copeeia of the London College of Physicians. “A thick and 
glutinous, solution is obtained, from which alcohol detaches 
the essential oil. ‘The caoutchouc floats on the surface in 
a semi-fluid state, but soon hardens, and regains its elastic 
powers on exposure to the atmosphere. To this process, 
the chief objection is the expensiveness of the solvent. 

- 5. Caoutchouc is acted on by alkalis; and, when steeped 
in them for some time, loses its elasticity. — 

6. The sulphuric acid is decomposed by it; sulphurous 
acid is disengaged; and charcoal remains. Nitric acid acts. 
on it with ie assistance of heat, nitrous gas is formed ; and 
oxalic sary Peameat from the residuum. 4 


ane ve! nme 


and of very dense, carburetted. ca ogen, which fare with 
a remarkably bright flame, are at the same ti evolved. 
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SECTION XIL. 


The Woods ly Fibre, 


AFTER removing all the solable parts of wood, first. by 
long boiling in water, and then by digestion in alcohol, a 
fibrous Heey AR is obtained, to which, by some chemists, 
the name of Lignin has been given. From whatever variety 
of wood it may shave been nine its properties appear to 
be uniformly the same. 

1. It is perfectly destitute of taste, smell, and colour. In 
specific gravity, it is generally inferior to water. | 
2. It is insoluble in water at all temperatures, - 

- 3. The pure fixed alkalis act on the, woody fibre, and 
render it soft, and of a brown colour. 

4, Concentrated sulphuric acid immediately blackens it, 
and, after sufficient digestion, converts it into charcoal. 

5. Nitric acid decomposes it with the assistance of heat; 
and oxalic, malic, and acetic acids, are formed. 

6. When exposed tosheat, it affords an acid called the 
pyroligneous, which has been lately proved to be identical 
with the acetous. This acid holds in combination a quantity 
of essential oil, from which it can with great difficulty be 
freed, and, also, a small proportion of ammonia. From the 
last-mentioned product, it follows that the woody fibre must 
contain nitrogen. The charcoal, which remains in the re- 
tort, is greatly superior to that procured by the ordinary 
process; and hence distillation in iron cylinders has been, 
for some time past, practised as the best method of obtaining 
charcoal for the manufacture of gun-powder. 

7. The woody fibre, by exposure to the atmosphere in a 
perfectly dry state, does not undergo any change. The action 
of the air upon it, however, ies moistened, converts it, 
through various shades of colour, to a black mould, If the 
process be carried on in a confined portion of oxygen gas, 
earbonic acid is formed. When’ excluded from the air, even 

moist wood shows very little tendency to decomposition. 


~ 
*. 
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. Gay Lussac and Thenard have analyzed, by their new 
pracess, the wood of oak and beech. The wood was taken 
_ from the most compact part of a log, reduced to fine powder 
by a file, then sifted and washed in succession with water 
and alcohol; and finally dried, before its admixture with 
oxymuriate of potash. ii atian 
Carhon. ORE Hydrogen. 
100 parts of Oak contain 52.53....41.78.... 5.69 — 
at in Beech cutaateematll) eo fi IIR vf 73. ; Sy? 82° 


in both the oxygen and hydr ogen are in the proportions 
required to form water, and tang is no excess of oxygen td 
acidify any part of the carbon. | 


3 


oes 
SECTION XIII. 


in Colouring Matter. 


et Tar colouring matter of vegetables presents a con- 
siderable variety in its relation to chemical agents, depending ) 
on the diversity of the basis, or sub-stratum, in which it 
-resides. Chaptal has ar ranged the varieties of the colouring 
principle under four heads. Ist, As it is attached to ex 
tractive matter: 2d, As it resides i in gum; in both which 
cases it is soluble in water: 3d, As " exists in farina, or 
fecula; and in this instance it dissolves most readily in sule 
phuric acid: 4th, The colouring principle is occasionally 
inherent in resin, and then it requires alcohol, an oil, or an 
alkali, for solution. 

II. The extraction of colouring matter from the various 
substances that afford it, and its fixation on wool, silk, or 
cotton, constitute the art of pyeine; the details of which — 
would be foreign to the purpose of this work. In this place 
I. shall state ie a few general principles; and refer for 
more minute information to a paper by Mr, Henry in the 
third volume of the Manchester Memoirs ¢ to. the works of 
Berthollet and Bancroft; and toa memoir of Thenard and 
Roard, in the 74th volume of Annales de Chimie, ~ | 

4 
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* TIT. Of the various colouring substances, used in the art 

‘of dyeing, some may be permanently attached to the dyed 
fabric, and fully eommunicate their colour to it, without the 

“intervention of any other substance; while ethers leave a 
mere stain, removeable by washing with water. The latter 
class, however, may be durably attached by the mediation 
of what was formerly called a mordaunt, but has since been 
more properly termed, by Mr. Henry, a lasis. The colours 
which are of themselves permanent, have been termed, by 
Dr. Bancroft, substantive colours; while those that: require 
a basis, have been denominated adjective colours. 

IV. The most important bases, by the mediation of which 
colouring matter is united with wool or cotton, are alumine, 
the oxide of iron, and the oxide of tin. Alumine and oxide 
of iron are applied in combination with sulphuric, or acetic 
acids; and the oxide of tin, united with nitro-muriatic, 
muriatic, acetic, or tartaric acids. In dyeing, the most 
common method is to pass the substance to be dyed through 
a decoction of the colouring matter, and afterwards through 
a solution of the basis. The colouring principle thus becomes 
permanently fixed on the cloth, sometimes considerably 

changed by its union with the basis. In calico-printing, 
the basis, thickened with gum or flour paste, is applied to 
the cloth by weoden blocks, or copper cylinders. The cloth 
is then dried, and passed through a decoction of the colour- 
ing ingredient, which adheres ouly to that part of the cloth 
where the basis has been applied. Frdm the rest of the cloth 
it may be removed by simple washing with water. 

V. The variety of colours, observed in dyed substances, 
are reducible to four simple ones, viz. blue, red, in ie 
and black. 

J. Indigo is the only substance used in dyeing blue, which 
“it does without the intervention of a basis. It is the pro. 
* duction, chiefly, of several varieties of the plant called 
* - thdigofera, a native of America and of the East and West 

, Indice. The plant, after being cut a little while before the 
' time of flowering, is steeped with water in large vats, where 
it undergoes fermentation. During this process, @ fine pul- 
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verulent pulp separates, which is at first green, but becomes 
blue by:exposure to the atmosphere. The operations, by — 
which indigo is separated and collected, are rather compli- - 
cated, and cannot be described without considerable minute- — 
ness.: A good account of them may be seen in Messrs. Aikins’ 
Chemical Dictionary. 

. Indigo has been supposed to be a pats of fecula, but 
it differs from that principle in several important particulars. 
Itis volatile, and may be sublimed at a temperature a little 
below that, which is required for its decomposition *.— 
Water, by being boiled on it, dissolves only about a ninth 
or a twelfth the weight of the indigo. The colouring matter, 
however, remains untouched; and the solution, which ap- 
pears to consist chiefly of extract, has a reddish brown hue. 
It is insoluble in alcohol, ether, and. in fixed and volatile 
oils. , Its appropriate solvent appears to be sulphuric acid. 
When thus dissolved, it is sometimes applied directly, in a 
diluted ’state, to. the fabric, and dyes what is termed a Saxon 
blue. But, by the abstraction of part of its oxygen, indigo 
becomes soluble in water; and its colour changes from blue 
to green. . It recovers the former colour, however, on ex- 
posure to the air, by again absorbing oxygen. Its de-oxy- 
dizement is effected by allowing it to ferment, along with 
bran, or other vegetable matter; or by decomposing, in 
contact with it, the green sulphate of iron. Substances dyed _ 
by indigo, thus deprived of oxygen, are green when taken 


“out of the vat, and acquire a blue colour by exposure to the 


atmosphere. By this revival, the indigo again becomes in= 

soluble, and fitted, therefore, for affording a permanent dye. 
There appears, however, to be a certain stage of oxyge- 

nizement in indigo, which is essential to the existence of its. 


blue colour, and that any proportion, either exceeding or 


falling short of this, is equally destructive.of its colour. 


‘Thus diluted nitric acid dissolves indigo, but the solution is 


yellow, and the indigo is decomposed. A thin layer. of 
yesinous matter appears, floating in the solution: If this 


_® Gay Lussac, 74 Ann, de Chim, 191. 
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be removed, and the sébution after evaporation to the con- 
~ sisterice of honey, be re-dissolved in hot water, filtered, and 
mixed with a solution of potash, yellow crystals appear, which 
consist of the bitter principle united with potash. These 
crystals, being wrapped in paper and struck with a hammer, 
detonate and emit a purple light. If to a drachm or two 
of finely powdered indigo, we add an ounce measure of 
fuming nitrous acid, the mixture presently becomes hot, 
nitrous gas-is evolved, a stream of sparks ¢ arises from. it, and 
fmally the whole bursts into flame. 

' Muriatic acid has no action on indigo, but oxymuriatic 
acid destroys its colour. . Hence a solution of indigo in 
sulphuric acid has been recommended for measuring the 
strength of watery solutions of oxymuriatic acid gas; in order 
to regulate their application to the process of bleaching. 

Alkalis do not act on indigo, unless it be previously re~ 

duced to that state of partial dis-oxygenation at which its 
green colour re-appears. And the solution exists no longer, 
if oxygen be absorbed, and the blue colour restored. 
' The analysis of indigo by destructive distillation affords 
but little information respecting its nature. The products, 
usually obtained from vegetable substances, are evolved, 
along with a portion of ammonia. 

2, The substances, chiefly employed for ffollirie we 
colours, are cochineal (an insect which has been pdiopasbad 
to derive colour from its food, the leaves of the cactus 
opuntia, L.), archil, madder, brazil-wood, and saf-flower. 
The first four are soluble in water; the last not without the 
intervention of an alkali. They are all adjective colours. ° 
_ Cochineal, though its colour is naturally crimson, is used 
for dyeing scarlet; and to evolve the scarlet hue, it is ne- 
céssary to employ the supertartrate of potash. The basis, by 
which it is attached to cloth, is the oxide of tin. This may 
be exhibited experimentally. A decoction of cochineal will 
leave only a fugitive stain on a piece of cloth; but if, in the 
decoction, some supertartrate of potash has been dissolved, 
and a portion of nitro-muriate of tin afterwards been added, 
it. will impart a permanent scarlet colour. 
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_ 8. The yellow dyes are wild American hiccory, sumach, 
turmeric, fustick, and quercitron bark; which afford various 
colours, accordingly as they are combined with the cloth 
by the intervention of alumine, or of oxide of iron, or tithe 
Thus, with the aluminous base, the quercitron bark yields a 
bright yellow; with oxide of tin, ‘all the shades, from pale 
lemon colour to a deep orange; and with oxide of iron, a 
drab colour. With the addition of indigo, it gives a green. 
4. A combination of red oxide of iron, with the gallic 
acid and tan, is the principal black colour, which has there- — 
fore the same basis as common writing-ink. In calico- 
printing, white spots, or figures, on a black ground, are 
produced, by previously printing on the cloth a protecting 
paste of citric acid, thickened with gum or flour. The parts — 
to which this paste is applied do not receive the black dyes 
but remain perfectly white. 
VI.. The colouring matter of vegetables, besides tlh 

capable of fixation on cloth, may be obtained in a dry form, 
in combination with a base only. Thus if to a decoction, or 
infusion, of madder in water, a solution of sulphate of alumine 
be added, the colouring matter is precipitated in combina- 
tion with the alumine, forming what is termed a lake, . For 
obtaining this, the following process is given by SimH. 
Englefield. Put two ounces of Dutch crop-madder into a 
calico bag, capable of holding three or four times that 
quantity. Pour on it a pint of distilled water, and triturate, 
in amortar, as much as can be done, without destroying the 
bag. The water becomes loaded with colouring matter, and _ 
-is opake and muddy. Pour off this portion, and repeat the 
operation till no more colour is obtained, which will gene- | 3 
rally happen after the fifth or sixth affusion. Pour these — 
‘several washings into an earthen or well-tinned copper pan; 
and apply heat till the liquor boils... ~Let it then be poured 
into a basin; and one ounce of alum, dissolved in a pint of 
water, be added, and mixed by stirring. Add an ounce a 
a half of saturated solution of sub-carbonate of potash; a — 
violent effervescence will ensue, and the colouring matter 
will be precipitated. — sie the mixture till cold, and wash | 


" 
: 
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repeatedly with boiling water. About half an ounce of lake 
will be obtained, containing two fifths its weight of alumine. 

_ Other lakes may be obtained, of different colours, by the 
Substitution of different dyeing woods; and from the in~ 
fusion of cochineal, the beautiful pigment called Carmine 
is precipitated by means of a solution of tin. | 


SECTION XIV. 
Tan, Tannin, or the Tanning Principle, 


Taw exists abundantly in the bark of the oak, the willow, 
&c., and in the gall-nut. The interior bark, next to the 
wood, contains the largest proportion; the middle and 
coloured part, the next; and in this it is accompanied with 
more extract.. The epidermis affords very little. 

I. Tan may be obtained by any of the following pro- 


- ‘eesses; but, according to Sir H. Davy, it is difficult to 


-procure it in a state ef perfect purity. Indeed ‘it. has been 
doubted by several chemists, and especially by Chevreul and 
Pelletier *, whether tan has ever been obtained sufficiently 
pure, to: entitle it to be considered as a distinct vegetable 
principle. | 
1. Into a strong infusion of nut-galls, pour the muriate 
of tin, till the yellowish precipitate, which at first falls down 
abundantly, ceases to appear. Wash the precipitate with a 
small quantity of distilled water, and afterwards add a suffi- 


_ cient quantity of warm water for its solution. From this 


‘solution, the oxide of tin is precipitated by a stream of 
sulphuretted hydrogen gas; and the tannin, which remains.. 
‘dissolved, may be procured by evaporation. There is reason, 
however, Dr. Bostock informs me, to believe that, by this 
process, tan is so much altered as to be scarcely entitled 
-to retain, the appellation; and the same remark. applies, 


; * * See. 87 Ann. de:Chim. 402.. ‘ 
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though perhaps not in an equal degree, to the two following 
‘operations. | 

2. Into a saturated infusion of galls, pour a saturated 
- Solution of carbonate of potash. The yellowish white pre= 
cipitate, after being washed with a small quantity of water, 
affords the tan. ‘Wien thus prepared, Sir H. Davy observes 
that tan is not perfectly pure, but contains a minute pro- 
portion of gallic acid, and alkali. 

8. Into a similar infusion, pour sulphuric or muriatic 
ted: A precipitate will form, which must be re-dissolved 
in water, and the excess of sulphuric acid saturated by car- 
bonate of potash. When a farther addition is made of the 
alkali, the tan falls down, and must be purified by wenhne 
with a small quantity of water. | 

It has been discovered by S Sir H.. Davy, that the terra ja- 
ponica, or catechu (which i is to be met with under this name 
inthe druggists’ shops), is composed of about one half tan, 
the remainder being a mixture of extract, mucilage, and 
earthy impurities. The purest kind of tan, we learn from 
the same auth ority, may be procured by the action of a small 
quantity of cold water on bruised grape seeds. A substance, 
lately introduced into medicine under the name of Extract 
of Rhatania, Dr. Bostock is of opinion, consists of tan ina 
purer form than catechu. 

Tan procured from galls, has been analyzed by Boral 
and found 'to consist of  - ae cee? 

Carbon F200... f83951.16 


Oxygen occ eee ee ee 44654 
Hydrogen Ate nut hiaas) ASG 


100. 


‘IJ. Tan has the following properties : 

- 1. When evaporated to dovaieie, it forms a brown friable 
mass, which has much resemblance in its fracture to aloes, 
- sharp bitter taste, and. is soluble in weaters but still: os 
| one in alcohol, | | i 

--9. From this watery. solution all acids precipitate tan, 
‘3, 'The alkaline carbonates have a similar effect, 
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4. The watery solution, poured into one of glue’ (in- 
spissated animal jelly), converts it immediately into a co- 

sulum, insoluble by boiling water, which has the elastic 
Resist of the gluten of wheat. 

The solution of gelatine, or jelly, may be prepared, for 
the purpose of precipitating tan, by dissolving isinglass in 
water, in the proportion of ten grains to two ounces. ~The 
precipitate consists of 54 jelly and 46 tan.” “An excess of 
the solution partly re-dissolves it. It is this property, of 
forming with gelatine an insoluble compound, not. liable to 
putrefaction, that fits. tan for the. Burpete of converting 
skins into leather. 

Dr. Duncan, jun., who has made numerous 1s experiments 
on tan, informs me, that the proportion of ingredients in 
this’ precipitate varies very considerably, according to the 
mode in which it is effected; and that insolubility in water 
is by no means one of its constant characters. In ammonia 
_it dissolves readily. Dr. Bostock, also, has found that tan 
and jelly do not unite in any constant proportion, and that 
the compound is not, in all cases, insoluble in water *. 

In this country, a preference’ is universally given to oak 
bark for the purpose of tanning, but various other substances 
afford it, as appears from the following Table, drawn up by 
: Sir H. Davy, from his own experiments. . 


Table of Numbers, exhibiting the Quantity of Tan afforded | 
by 480 lbs. of different Barks, which express nearly their 
relative Values : 


Ib. 

Average of entire bark of middle-sized Oak, cut in spring 29 
—————_—————— of Spanish Ohakaryeted ws 21 
of Leicester Willow > large sizes 3:33 

———-—— of Elm .... cee ee ee cee tee 13 

of common Willow, large > ela ei 

Dien ee odes bia Oe kek oats 16 

——_—- Ot TSCGCH Sales auets aie.s.de oe oth ee oD 


Oop Eat eg: of ESSE ChesHitt a a : ev5ese rae v4 9 


~ * See his. paper on the union of Tan and J Jelly, Nicholson’s Journal, 
xxiv. 1. ; 
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1b. 
Aree fenierbark of Symon j--esns easel 
— of Pomabardy, Pople +p: paew tS 
OF FGM on el by 4s + ney et a 
ay (2. Rabanne OE Semel” * 
Of Black {hor Joel. d esse cece. 16 
of Coppice Oak ......6...0.46..92 


Ua niskamacediesnaiae ate ontiecalbantian ev be eocese 4 
of Larch cut in ditto ...s...06- 


| White internal cortical layers of Oak Bark ......... “98 


The inner cortical layers of all barks Sir H. Davy found 
to contain the greatest proportion of tan. ‘The quantity, 
also, is greatest at the time the buds begin to open, -— 

-smallest in winter, und after a cold spring. 

As # getieral average, four or five pounds of good: oake 
bark aré required to form a pound of leather. The eperation 
is most perfect when performed slowly ; for, if too rapidly 
effected, the outer surface of the skin is covered with a coat 
of leather, which defends the interior from change. In 
general, skins, by being completely tanned, inerease in 1 weight 
about one third, the: skin and the leather being nai et 
posed dry. 

5. Tan forms, with fecula, or starch, a teetiHare which 
is sparingly soluble in cold 7 and very copiously i in ine 
water. 

6. With gluten it gives an insoluble precipitate. | 

7. Itis predibiated by salts with st singe a as ie 

_ nitrates of barytes, lime, &c. , 

_ 8. It is separated also by salts with metallic or such 
as acetate of lead, muriate of tin, muriate of gold, sulphate 
of iron, tartarized antimony, and muriate of platina. 

Green sulphate of iron effects no change in the solution | 
of tan, but the red sulphate occasions 2 deck blueish pre- 
cipitate. This precipitate differs from gallate of iron, in 
being decomposed. by acids, the tan being thus separated. i 
An excess of the red sulphate re-dissolves the precipitate, 

_ and affords a black or dark blue liquor. By union with’ 
tan, the red sulphate is de-oxydized, the. salt becoming the 
green sulphate, and the oxygen passing to the tan. Tan 


we Eiitiieinnntisaiaes , s 
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may also be oxygenized, by passing streams of oxymuriatic 
acid through its solution in water. 

- Until within the last ten vei had been known ouly 
as a production of nature; and the processes of chemistry 
had effected nothing more, than its separation from the 
various substances, with which it occurs combined, An 
important discovery, however, has been made by Mr: Hat« 
chett, of the artificial formation of tan, from substances 
which unquestionably do not contain it, but only furnish its. 
elements. The processes for its factitious production are 
very numerous; but they are arranged, by their author, 
under three heads. 1st, The synthesis of tan may be effected 
by the action of nitric acid on animal or vegetable charcoal ; 
2dly, By distilling nitric acid. from common resin, indigo, 
dragon’s blood, amd various other resinous substances ; 

$dly, By the action of sulphuric acid on common resin, 
— elemi, asafeetida, camphor, &c. Of these various processes, 
I shall select the most simple, referring to Mr. Hatchett’s 

very interesting paper for a fuller detail of the experiments*, 
To 100 grains of powdered charcoal, contained in a mat- 
tras, add an ounce of nitric acid (specific gr. 1 A) diluted 
with two ounces of water; place the vessel in a sand-heat, 
and: continue the digestion till the charcoal appears to be 
dissolved. A copious discharge of nitrous gas will take 
place. At the end of the second day, it may be necessary to 
add another ounce, and sometimes even a third, of nitric 
- acid; and to continue the digestion during five or six days. 
A reddish brown solution will be obtained, which must be 
evaporated to dryness in a glass vessel; taking care in the 
latter part of the process, so to regulate the temperature, | 
that the acid may be expelled, without decomposing the 
_ residuum. A brown glossy substance will be obtained, having 
a. resinous fracture, and amounting, in weighf, to 116 or 120, 
grains. This substance has the Avtihie properties : set 

1, It is speedily dissolved by cold water and by sidshiols 
2, It has an astringent flavour.» 3. Exposed to heat, it 


* See Philosophical Neaapttions for 1805 and 1808, | | 


24.0 } VEGETABLE PRODUCTS. CHAP, XX. 


smokes but little, swells much, and affords ‘a bulky coal: 
4. Its solution in water reddens litmus paper. 5, The 
solution copiously precipitates metallic salts, especially mu~ 
riate of tin, acetate of lead, and red sulphate of iron. These 
precipitates, for the most part, are brown, inclining to cho- 
colate, excepting that of tin, which is blackish grey. 6. Gold 
is precipitated from its solution in a metallic state. 7. The 
earthy salts are precipitated by it. 8. Gelatine is instantly — 
precipitated from water, in the state of ogi insoluble 
both i in cold and in boiling water. 

’ The identity of this substance with tan can, Phieaares bs 
scarcely doubted, since the two bodies agree in haat the 
same characteristic properties. ‘The Gaby essential circum- 
stance of discrimination, is, that thenatural tan is destroyed, 
while the artificial is produced, by the agency of nitric acid 3. 
and that the artificial substance, even when formed, power- 
fully resists the decomposing action of this acid which 
readily destroys natural tan. -Even, however, | among the 
different varicties of the natural substance, Mr. Hatchett 
found essential differences in the facility of destruction by ~ 
nitric acid. Those of oak bark and catechu are less destruc- 
tible; and, in general, the varieties of tan seem to be less 
permanent, in proportion to the quantity of mucilage which: 
they contain. Infusions of factitious tan differ, nls it: has’ 
been said, from those of the natural kind, in not becoming 
mouldy by keeping. This character, however, is not con=' 
firmed by Dr. Bostock, who has ha = dees tan’ 
to mould. . 

. The artificial substance is a purer variety of. tan nei ihe 
‘natural one; inasmuch as it is. perfectly free from’ gallic 

acid, and from extract, both of which are always present in’ 
the latter. ‘The properties of the factitious compound vary: 
a little, according to the mode of its preparation, principally: 
in the colour of the precipitates, which it separates from: 
metallic solutions. Those effected by tan, formed by pro- 
cesses of the first class, are always brown, a by second, 
pale or ak yore. | 

sy: 


SECT. XV. n WAX. | 94} 


| | SECTION XV. 
ia ! , Wax 


~ Tr was long supposed that bees’ wax is merely the dust 
of the stamina of plants, unchanged by any process in the 
economy of that animal. This opinion, however, has been 


- lately shown by Huber * to be erroneous; for bees, he has 


proved, continue to form wax, when supplied with only raw 
sugar or honey. Little doubt, therefore, can exist that sugar 
contains all the principles of wax ; and that wax is the result 
of a new combination of those principles, effected a the 
animal. 

At the same time, it is NE well established, that wax 


_is also a product of vegetation. It forms the varnish, which 
ais conspicuous on the upper leaves of many trees, and ma 


be extracted by first removing, by water and alcohol, from 
the bruised leaves, every thing that is soluble in those fluids; 


then macerating the remainder with liquid ammonia, which 


dissolves the wax, and lets it fall on the subsequent addition 
of sulphuric acid. Wax exists, also, in the substance called 
lac, in combination with colouring matter ; and is obtained, 
in considerable quantity, from the berries of the Myrica 


 Cerifera, by the simple process of boiling them in water, and 


bruising them at the same time. The wax melts and rises 
to the surface in the form of a scum, which concretes on 
cooling +. 

- In its ordinary state, wax of every kind has considerable 
colour and smell. It may be deprived of both, by exposing 
it, in thin lamine, to the action of the light.and air, or still 


more speedily by oxymuriatic acid gas. "When bleached, 


it has the following pr operties : : 

1. Its specific gravity is about .960, water being 1.000. 
When heated, it melts at about 155° Fahrenheit, or at about 
7° higher than unbleached wax, and forms ‘a transparent 
fluid, which gradually acquires consistency, till at length it 


“yeturns to a solid state. Ifthe heat be raised, it boils ; and 


a Nicholson’s Journal, ix. 182. + Cadet, Annales de Chimie,. Wey 
YO. U, R ‘ 
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a portion distils over. By a still higher heat, it is decom- 
posed, and a quantity of olefiant and hydro-carburet gases 
are developed. The residuum of charcoal bears only a small 
proportion to the wax which has been decomposed. From 
the results of its combustion, Lavoisier has inferred that wax 


consists of 
$2.28 aiton 
17.72. hydrogen 


100 


Gay Lussac and Thenard, by an improved pias of 
analysis, haye lately shown it to consist of : 
Carbon iti. \lttens tl 78e 


OXYZeN eee cic eevee. eb 44 se. 
_ Hydrogen ...........12.672 


100. me 


of the hydrogen, part sre is aittickont for the siuitetion 
of the oxygen; and besides this, there are 11.916 in excess. 

2. Wax.is insoluble in water. 

3. Boiling alcohol dissolves about one eens its waishe 
of wax, four fifths of which separate on cooling; and the 
remainder is immediately precipitated by the addition. of 
water. Boiling ether dissolves about one twentieth of its ; 
weight. 

4. Caustic fixed alkalis convert it into a saponaceous 
compound, soluble in warm water. A heated solution of 
ammonia dissolves it, and forms a kind of emulsion. On 
cooling the wax rises to the surface in flocculi. 

Myrtle wax, it appears from the experiments of Dr. Bos- 
tock, differs from bees’ wax in being more fusible (vzx. at 
109 Fahrenheit), and in being soluble, to a greater amount, 
both in ether and in alcohol. The vegetable wax from ~ 
. Brazil, though it appears, from the experiments of Mr. 
Brande, to possess the principal characters of common wax, 
differs from it in some properties, and also from myrtle wax *, 


* Phil. Trans. 1811, p. 267. 
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SECTION XVI. 
The Bitter Principle. 


Tus bitter taste of certain vegetables appears to be owing 
to the presence of a peculiar substance, differing from every 
other in its chemical properties. It may be extracted from 
the wood of quassia, the root of gentian, the leaves of the 

_ hop, and several other plants, by infusing them for some 
time in cold water. ~ The characters of this substance have 
been attentively examined by Dr. ‘Thomson, who enumerates 
them as follows *. 

1. When water, thus iapreanatad, is evaporated to die 
ness by a very gentle heat, it leaves a brownish yellow sub- 
stance, which retains a certain degree of transparency. For 
some time it continues ductile, but at last becomes brittle, 
Its taste is intensely bitter. : | 
- 2. When heated, it softens, swells, and blackens; then 
burns away without flaming much; and leaves a small 
quantity of ashes. 

3. It is very soluble in water, and in alcohol. 

z ‘It does not alter blue vegetable colours. 

. It is not precipitated by the watery solution of lime, 
te or strontites; nor is it changed by alkalis. | 

6. Tincture of galls, eS iu. of nut-galls, and gallic acid, 
produce no effect. 

7. Of the metallic salts, nitrate of silver and acetate of 
lead are the only ones that throw it down. The effect of 
nitrate of silver cannot be ascribed to the presence of muri- 
atic acid, since nitrate of lead produces no change in the 
solution. The precipitate by acetate of lead is very abun- 
dant; and that salt, therefore, affords the best test for dis- 
» covering the bitter principle, provided no other substances be 

present, by which, also, it is decomposed. | ; 

From recent experiments of Mr. Hatchett, it appears that 
the bitter principle is formed, along with tan, by the action 
of nitric acid on indigo. 


* 


* System of Chemistry, v. 95. 
R 2 


ri 2h 5 
e 


244° VEGETABLE PRODUCTS. CHAP. XX, 


Another modification of the bitter principle has been 
extracted, by Mr. Chenevix, from unroasted coffee. The 
infusion if the berries was mixed with muriate of tin, when 

a precipitate appeared, which was well washed, then diffused 
Bose water, and decomposed by sulphuretted hydrogen 
gas, which carried down the tin. ‘The remaining liquid, 
evaporated to dryness, gave a semi-transparent substance 
not unlike horn, ‘This substance did not attract moisture 


from the air; was soluble in water and alcohol ; and the so- 


lution, on adding alkali, became ofa garnet red. Solution 
of iron gave it a fine green tinge, or, when very concentrated, 
threw down a green precipitate; and muriate of tin oc-— 


_ casioned a yellow sediment. It was not affected by solution 


of animal gelatine, 

The bitter principle may; also, be ele by tei 
processes, chiefly by the action of nitric acid on animal and 
vegetable substances, Welther obtained it by digesting silk 
with nitric acid; and Mr. Hatchett has formed it from the 
same acid and indigo. Its colour is a deep yellow, and its 
taste intensely bitter. It is sqluble in water and alcohol, 
and is susceptible of a ‘regular crystallized form. It unites 
with alkalis and composes Coals salts. Its compound 
of this substance with potash detonates when struck with a 
hammer, and inflames like gunpowder when thrown on hot 
charcoal. On the whole it appears better entitled to rank 
as a distinct principle, than that which is extracted, Py 
infusion, from vegetables, 


Yamin 
SECTION XVII, 
Narcotic Principle, mi 


Or1um, and ather vegetable products possessed ofa nar= | 
cotic power, are composed of several of the vegetable princi- 
ples, that have already been enumerated. Besides these, 


_ however, they contain a peculiar one, in which the narcotic 


yirtue resides, 
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_ I. To obtain the narcotic principle from opium, let water 
be digested upon it, and the strained solution be evaporated 
to the consistence of syrup. A gritty precipitate will begin 
to appear, which is considerably increased by diluting the 
liquid with water. ‘This consists of three distinct substances, 
resin, oxygenized extract, and the narcotic principle. Boil- 
ing alcohol dissolves the resin and narcotic principle only ; 
and the latter falls down in crystals, as the solution cools; 
still, however, coloured with resin. ‘The crystals may be 
purified by repeated solutions and crystallizations. 

II. 1. The narcotic principle, thus. obtained, is white. 
It crystallizes in rectangular prisms with rhomboidal bases. 
It is destitute of taste and smell. 

2. It is insoluble in cold water, but is soluble in 400 parts 
of boiling water, from which it precipitates again as the so- 
lution cools. When thus dissolved, it does not affect 
vegetable blue colours. 

3. It is soluble in 24 parts of boiling alcohol, and in 100 
of cold alcohol. Water precipitates it, in the state of a 
white powder. | | | 

4, Hot ether dissolves, but deposits it on cooling. When 
heated in a spoon, it melts like wax. 

5. It is soluble in acids, and precipitated by alkalis. With 
nitric acid it dissolves, and becomes red; and much oxalic 
acid is formed, a bitter substance remaining. 

6. It may be combined with water and alcohol, by the 
‘intervention of resin and extract, the presence of which 
seems originally to render it soluble in those fluids. 


Besta 
SECTION XVIII. 
Suber and its Acid. 


Tus name is used to denote common cork wood, which 
' appears to be possessed of peculiar properties, especially in 
its relation to nitric acid.. ” 

I. To a quantity of cork, grated into node and con= 


tained in atubulated retort, add six times its weight of nitrie. 
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acid, of the specific gravity 1.2615 and distil the mixture, 
with a gentle heat, as long as any red vapours escape. As 
the distillation advances, a yellow matter, like wax, appears 
on the surface of the liquid. While the contents of the re- 
tort: continue hot; they are to be poured into a glass vessel, 
placed on a sand-bath, and: constantly stirred with a glass 
rod, by which’ means the liquid gradually becomes. thick. 
As soon as’ white penetrating vapours appear, let it be re- 
moved from the sand-bath, and stirred till it becomes cold. 
An orange-coloured mass will be obtained, of the consistence 
of honey, having a strong and sharp odour while hot, and a 
peculiar aromatic smell when cold. On this, pour twice its 
weight of boiling water ; apply heat till it liquefies; and filter. 
The filtered liquor, as it cools, deposits a powdery sediment, 
and becomes covered with a thin pellicle. 'The sediment is 
to be separated by filtration; and the liquid reduced, by © 
evaporation, nearly to dryness. This mass is the suberic 
acid. It tay be purified, either by saturating it with alkali, 
and precipitating by an.acid, or by boiling it with charcoal 


| “ymca ' 
“II. Stiberie acid has the following a ga 
. 1. It is not crystallizable. © © 


2. It has an acid and slightly bitter taste; itldy ilk “pe 
solved in boiling water, itacts on the throat,’ and excites 
coughing. : : 

3. It reddens vegetable blues, and eloanpids the blue sO- 
lution of indigo in siliiuiié acid to green. 

4. Cold water dissolves about --1,th its weight, and. boiling 
water half its weight. 

5. It attracts moisture from the air. 

6. When heated in a mattras, it sublimes, and is ob- 
tained in concentric circles, composed of numerous small | 
points. : 

i With alkalis, earths, ancl ‘metallic oxides, it ‘forms a ® 
class of salts called Suberates. 

_ The action of nitric acid‘on cork, and the properties of 
the suberic acid and its compounds, have been lately inves- 
tigated by Chevreul, whose memoir may be consulted in the 
23d volume of Nicholson’s Journal. 
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SECTION XIX. 
Of Bitumens. 


Tsoucu bitumens, on account of their origin, are, with 
more propriety, classed among mineral substances; yet, in 
chemical properties, they are more closely allied to the pro- 
ducts of the vegetable kingdom. Like vegetable substances 
in general, they burn in the open air, and with a degree of 
brightness that surpasses even that of resins. By distillation 


“per se, they yield a weak ‘acetic acid, an empyreumatic oil, 


some ammonia, and a considerable quantity of carburetted 
hydrogen gas, with occasionally a small proportion of car- 
bonic acid and sulphuretted hydrogen. They are neither 
soluble in water nor in alcohol; and in the latter respect they 
differ from resins. There can be little doubt that they have 
been formed originally by the decomposition of vegetables. 
The bitumens have been’ divided into liquid and solid. 
Formerly it was supposed that the liquid bitumens had 
been derived, by a sort of natural distillation, from the solid; 
but Mr. Hatchett has rendered it more probable that the 


solid bitumens result from the consolidation of the fluid 


ones *. 1 | 

The bituminous deaf Evi are Naphtha, Petroleum, Mi- 
neral Tar, Mineral Pitch, Asphaltum, Jet, Pit-Coal, Bitu- 
minous Wood, ‘Turf, and Peat. To these some writers 
have added Amber and the Honey-Stone. 

NapuTua isa substance well known to mineralogists as a 
light, thin, often colourless’ oil, highly odoriferous and in- 
flammable, which is found on the surface of the water of cer- 
tain springs in Italy, and on the shores of the Caspian Sea. 
It has a penetrating but not disagreeable odour. Its specific 
gravity is about .708, or according to Brisson .845. It does 
not congeal at 0° Fahrenheit. 

 Naphtha is highly inflammable, and burns with a pene- 
trating smell and much smoke. © It may be distilled without 


t kas 4 fa 


« 


* Linnean Transactions, 1797, 
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alteration. By long exposure to the air it becomes thick. 

- and coloured, and passes to the state of petroleum, The. 

addition of a little sulphuric or nitric acid produces the same _ 
change more speedily. It is not aiseiatyg either with water’ 
or with alcohol. ° : 

Naphtha | appeats to be the bint fluid we are. pneu 
with, in which oxygen does not exist in considerable pro- 
portion. This circumstance renders it of great use in pre~ © 
serving the new metals discovered by Sir H. Davy. When 
- recently distilled, they have no action on it; but in naphtha. 
that has been exposed to the air, these metals soon oxidate; 
and alkali is formed, which unites with the ee into a 
kind of brown soap. 

Petroteum is considerably thicker si naphtha, ahd 
has a greasy feel. It'is either wholly or in part transparent, 
and of a reddish brown colour. Its specific gravity is .878.: 

When distilled per se, a portion of colourless naphtha is 
first obtained; then an empyreumatic acid liquor; next a — 
thick brown oil ; and a portion of black shining coal remains | 
in the retort. . . 

Petroleum is highly inflammable. Sulphuric and nitric 
acids convert it into a thick bitumen; and exposure'to the | 
air produces the same effect more slowly. It has the pro- 
perty of combining with fat and ‘essential oils, with resins, 
camphor and sulphur; and, when ‘Tettified, it dissolves 
caoutchouc. BiG | 

Minera Tar is thicker init more viscid than petroleum, 
and of a reddish or blackish brown colour. In chemical 
properties it resembles petroleum. 

The solid bitumens are Maltha, Asphaltum, and Elastie 
Bitumen or Mineral Caoutchouc, besides the several varie- 
ties of Coal and Peat. 

MatrHa or MINERAL PITCH has a brownish black colour, 
and little or no lustre. It is so soft that it is impressed by — 
the nails, but does not stain the fingers. Its specific gravity 
is from 1.45 to 2.06. Itis detpemely inflammable, and burns 
‘with a bright flame, leaving only a small quantity of ashes. 

AsruattuM is brownish black in its colour, is brittle, » 
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shining, and does not stain the fingers. Its specific gravity” 
varies from 1.07 to 1.65. It is extremely inflammable, and 
burns with'a yellow flame. By distillation per se, it yields 
alight brown oil resembling naphtha, a portion of water 
impregnated with ammonia, and a quantity of carburetted. 
hydrogen gas. It has been analyzed by Klaproth, whose 
accounts of it may be seen in the second volume of his 
*¢ Contributions.” 

‘The appropriate solvent of asphaltum is naphtha, of which 
it requires five times its weight. The solution is of a deep 
black colour,.and forms an excellent varnish. ‘y 

ELASTIC BITUMEN OR MINERAL CAOUTCHOUC is a rare 
production of nature, and has hitherto been found only in 
Derbyshire. It is inflammable, and burns with much smoke. 
By a gentle heat it is melted and converted into petroleum, 
maltha, or asphaltum. It resists the action of solvents. 

ReETINASPHALTUM is also a rare production of the same 
county. It has no elasticity; but is brittle and breaks with 

a glassy fracture. Its colour is pale ochre yellow ; its specific 
gravity 1.135. It melts on the application of heat, and 
burns with a bright flame. It is partially soluble in alcohol, 
potash, and nitric acid. One hundred parts contain 55 
resin, 41 asphaltum, and 3 earthy matter. 

Pir-coa is a general term, applied to several distinct 
varieties of minerals. They have been divided into the 
three families of brown coal; black coal; and glance coal or 
mineral carbon. ) 

Brown coal is only imperfectly bituminized, and exhibits, 
distinctly, the remains of the vegetables, from whose decay 
it has originated. It is brown, opake, somewhat flexible 
and elastic, and nearly light enough to float on water. It. 
burns with a clear flame, and with a bituminous odour mixed 
with that of sulphur. In the mode of its combustion, as 
well as in its external appearance, it bears a considerable 
resemblance to wood that has been half charred. 

Llack coal is the substance, which is commonly applied to 
the purposes of fuel.. It shows no remains of the vegetables 
from which it has originated ; but appears to be a compound 
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, of bitumen’ and charcoal; and according to the proportion 
of these two ‘ingredients, its properties vary. considerably. 
‘The best kinds melt on the application of a moderate heat, 
and burn almost entirely:away, with a clear bright flame. 
By distillation, they yield a quantity of water holding carbo- 
nate and sulphuret of ammonia in solution ; a large propor- 
tion of tar is obtained, which, by evaporation and fusion, 
forms a kind of asphaltum; and an immense production 
takes place of heavy carburetted hydrogen gas, which may — 
be advantageously applied to burning in lamps. Inthe re- 
tort, a hard heavy charcoal remains called coak. It contains 
generally a good deal of sulphur ; and emits, — com- 
bustion, a eekveasib smell of sulphurous acid. : 

Glance‘coal appears ‘to consist of almost pure ‘thatedtl 
without any bitumen, and combined only with a proportion 
of earth. It is common in some parts of this kingdom, where 
it is known by the name of stone coal. It burns with little 
or no flame;»and, when submitted to distillation, yields no 
tar, and a carburetted hydrogen gas, which, from its inferior 
density, cannot be advantageously burned in lamips. » 

In peat or tur, the remains of vegetable organization 
are generally very evident; and it consists, indeed, in.a great 
measure, of fibres of several mosses, with occasionally whole 
branches, and even trunks, of various trees. . It is extremely 
inflammable in the open air; and, when distilled in close 
vessels, yields products similar: to) those of coal. The gas, 
however, which is evolved, approaches more in its characters 
to carbonic oxide than to carburetted hydrogen. Invan ex- 
eellent-account of this substance, given by Mr. Jameson in 
his Mineralogy of the Shetland Isles, peat is said to contain 
the suberic acid. The sulphates of iron, soda, and magnesia, — 
are, also, occasionally found ‘as ingredients of peat; and, 
when in considerable proportion, impair its combustibility. 

MELLILITE or HONEY-sTONE, so called from the resem- » 

~ blance of its colour to that of honey, is a very rare produc- 

tion, and has been found, accompanying brown coal, in a 

very few parts of the continent. It is consumed when i ig- 

nited in the open air, but without flame or i When 
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long boiled in water, it yields a solution, which, on being - 
concentrated and mixed with alcohol, becomes pitchy.. By 
continued trituration, however, it is dissolved with the ex- 
ception of some earthy flocculi. The clear liquid, decanted 
and evaporated, yields a brownish saline mags; from which, 
by two successive evaporations and solutions, needle-shaped 
een are obtained. These are the pure mellitic acid: 
The taste of this acid is sweetish, and at the same time 
sour, with some bitterness. It.is combustible when ignited 
in the air; and is decomposed by nitric acid, without the 
production of any oxalic acid. Dropped into the watery 
solutions of lime, barytes, or strontites, it gives a precipitate, 
which is soluble in muriatic acid. With acetates of barytes 
and lead, and. nitrates ‘of mercury and iron, it gives preci- 
pitates, which are soluble in nitric acid. It neutralizes the 
three alkalis, and affords with them crystallizable salts. 


SECTION XX. 


of the Vegetable Principles of Asparagus, Elm-tree Gum, 
» Elecampane, Mushrooms, Saffron, and Cocculus Indicus. | 


By an attentive examimation ofthe products of vegetation, 
some new substances have been discovered, the properties of 
which do not agree with. those of any that have’ been the 
subjects of the preceding sections. Hitherto, however, they 
have scarcely been so *dh Shandy as to entitle them 
to rank as distinct species. 

1. Asparagin. POH the 5 juice of asparagus, concentrated 
by evaporation, Messrs. Vauquelin and Robiquet observed 
a considerable number of crystals to separate spontaneously *. 
Of these, some became, after repeated crystallizations, per- 
’ fectly white and transparent. They were cool and slightly 
nauseous to the taste; were soluble in water; and neither | 


s : , 7 
* * Nicholson’s Journal, xv. 242. 
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affected the re-agents for acids nor alkalis. The infusion of 
galls, acetate of lead, oxalate of ammonia, muriate of barytes,, 
and hydro-sulphuret of potash, produced no change in the 
solution ; and no ammonia was disengaged by potash. When 
burned in a platina crucible, they swelled up and emitted 
penetrating vapours, which affected the eyes and nose like 
the smoke of wood ; and left a large proportion of charcoal, 
in which no traces of alkali could be discovered. ‘Towards 
the close of the decomposition, an odour arose similar to 


that of animal matter, and inclining, also, to that of ammo- — 


nia. It appears, therefore, that this substance, though crys- 
tallizable, cannot be considered as a neutral salt ; for it con- 
tains neither alkali nor earth. Like other vegetable mat- 
ters it appears to consist of hydrogen, oxygen, and charcoal, 
in proportions not yet determined, with perhaps some ni-+ 
trogen. 

2. Ulmin. In the year 1802, Klaproth received from Pa- 
termo, a substance which caidas spontaneously from a species 
of elm, and which, in external characters, bore a consider- 
able resemblance to gum. It dissolved in a small quantity 
of water, and gave a transparent solution of a blackish 
brown colour, which was not, however, mucilaginous, and 
could not be applied to the purpose of a paste. Nitric acid 
precipitated from the solution a light brown substance, which 
was soluble in alcohol, though the gum itself resisted that 
solvent. Oxymuriatic acid produced a similar effect. The 
property, of producing a resin by the addition of a little 


oxygen, is peculiar to this substance, and sufficiently cha-. 


racteristic. Dr. Thomson has proposed for it the name of 
Ulmin; and he and Mr. Smithson have recently paid much 
. attention to the investigation of its properties*. It appears 
to be a very common vegetable product, exuding from va- 
rious trees, and existing, according to Berzelius, in the bark 
of most. When pure, it is tasteless; sparingly soluble in 
water.and in alcohol ; not precipitated by acids, gelatine or 


* See his Annalg of Philos. vols. 1 and 2; and Mr. Sinithgon’s paper 


Phil. Trans. 1813. 9 * 


SECT. XX. ULMIN, &c. 253 


tan; and very soluble in alkaline carbonates, from which it 
is separated by acids and metallic salts. 

3. Inulin. When the roots of the inula helenium or ele 
campane are boiled some time in water, the decoction, after 
standing some hours, deposits a white powder like starch, 
but aifering % in its chemical qualities. Rose, who appears 
to be the only person that has investigated its properties, 
finds * that it isinsoluble in cold water, but readily dissolves 
in four times its weight of boiling water into a liquid which 
is somewhat mucilaginous and not quite transparent. After 
some hours, the substance precipitates from the water, in 
the form of a white powder ; and it is immediately thrown 
down by alcohol. “When placed on burning coals, it melts 
as readily as sugar, and emits a similar smell. When treated 
with nitric acid, it yields oxalic and malic acids; or acetic 
acid if too much nitric acid be employed. It differs, how- 
ever, from gum in not affording, by this treatment, any sac- 
cholactie acid; and from starch (besides separating sponta~ 
heously from hot water), in yielding none of the waxy matter, 
which is formed when starch is digested with the same acid. _ 
_ 4. Fungin. This substance has been extracted by Bracon- 
not+ from the fleshy part of mushrooms. It may be ob- 
tained by washing off the soluble ingredients with hot water, 
to which alittle alkali has been added. There remains a 
white, insipid, soft, and but little elastic substance. It has 
a fleshy structure, and is in a high degree nutritious, and 
free from deleterious properties. When dry, it burns 
vividly, and emits an odour resembling that of bread. By 
¢lestructive distillation, it yields ammonia, and not an acid 
like wood. It differs, also, from lignin, in being insoluble 
in alkaline solutions, except when they are heated and very 
strong. Pure ammonia dissolves a portion of it, but depo- 
sits it on exposure to air. 

Weak sulphuric acid has no action on fungin. The con- 
centrated acid chars it, and sulphurous and acetic acids are 


* Thomson’s Chemistry, v. 54. + 79 Ann. de Chim. 267, 


254 VEGETABLE PRODUCTS. | CHAP. XX. 


formed. Muriatic acid dissolves it slowly, and converts it - 
into a gelatinous matter. When heated with diluted nitric 
acid, 'azotic gas is disengaged. In this property, and in.the re- 
sults of its putrefaction, as well as in yielding ammonia on 
distillation, it approaches very nearly to animal substances. 

5. Polychroite. ‘This name has been given, by Bouillon La 
Grange and Vogel, to the extract of saffron prepared with 
alcohol. It has a very intense yellow colour, a bitter taste, 
and an agreeable smell. It is soluble in water and in alco- 
hol; and the solution, by exposure to light, gradually loses — 
its colour, which is destroyed, also, by oxymuriatic acid. A” 
few drops of sulphuric acid change the colour-to a beautiful 
blue; and nitric acid, added in tks manner, to green. 

‘Polychroite unites with lime, potash, and barytes, and 
affords with those bases soluble compounds. Sulphate of 
iron precipitates it of a dark brown colour. By destructive 
distillation, it yields an acid liquor containing ammonia, and 
‘carbonic acid and carburetted hydrogen gases. | 

6. Picrotoxine. ‘This principle is the one which communi- 

cates to the cocculus indicus its deleterious properties, Boul- 
lay ‘obtained it, from that seed, by the following process. 
The seeds, deprived of their pericarp, were boiled in a suf- 
ficient’ quantity of water; and, to the decoction acetate of — 
lead was added, as long as any precipitate was occasioned. 
_ The liquid was again filter ed, and slowly evaporated to the — 
consistence of an extract, which was dissolved in alcohol, and 
the solution evaporated to dryness. The dry mass consisted 
of picrotoxine, mixed with a little colouring matter, the latter 
of which was separated by a very small quantity of water, 
and the picrotoxine remained in small crystals. Its ik 
ties are the following: 

1. It is white, and crystallizes in four-sided prisms. oe 
taste is disgustingly bitter. One hundred parts of boiling 
water dissolve four of picrotoxine, and one half separates on 
cooling: The solution does not affect vegetable blues. 

2. Alcohol of the specific gravity .810 dissolves one third 
its weight of picrotoxine. The addition of a little water 
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throws down a precipitate, which a larger quantity redis~ 
solves. | | 

.§. Sulphuric acid has no remarkable action on it. Nitric 
acid dissolves it, and affords a yellowish green solution, 
When heat is applied, oxalic acid is formed. Acetic acid . 
readily dissolves it, and it is precipitated by carbonate of 
potash. It is soluble, also, in weak solutions of the pure 
alkalis. 7 | . 
4, The results of its destructive distillation do not mate- 
-rially differ from those of other vegetable matter. 


ee 
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CHAPTER XXI. 


RESULT OF THE SPONTANEOUS DECOMPOSITION OF VEGE~ . 
TABLE SUBSTANCES. ie 


SECTION I. 


Vinous Fermentation. 


THE phenomena and results of this process may be accu~ 
rately examined, by means of an apparatus similar to that 
described in Lavoisier’s Elements, part iii. ch. vii A more — 
simple one, however, will sufficiently answer the purpose. * 
It may consist of a large glass mattras, shaped like fig. 4, 
spas) of holding 10 or 12 pints. Into the ape of the. 


terminate in @ tacenecied bottle, from vihich ' a belie id 
tube is to proceed, and to be carried under the shelf of the 
pneumatic trough, or (which is better) into the receiving- 
pipe of a gazometer, fig. 35, 6. ‘The mattras may then be 
half filled with a solution of-sugar in a proper quantity of 
water, or with an infusion of raat with the addition ofa — 
little yeast. When placed in a room, the temperature of | 

which is not below 60° Fahrenheit, the fermentation soon 
begins to take place; a brisk motion is observed in the | 
liguid 3 it becomes turbid, and deposits some impurities, wf 
while a frothy scum rises to the surface. "When the mate- 
rials are in large quantity, viz. sufficient to fill a cask, a hiss- 
ing noise is heard in the liquid, and its bulk increases so 
reibeit that, if the vessel were full, it now overflows. At the 
same time, a considerable quantity of gas escapes, and passes, . 
through the bent tube, into the receiver inverted in the ~ 

pheumatic trough, or into the gazometer. During the proe 
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cess of fermentation, the liquor preserves a higher tempera- 
ture than that of the surrounding atmosphere. After some 
days, these appearances gradually decline ; and, if the pro- 
cess has been well conducted, ‘and suspended at the proper 
period, the result is a liquor, not sweet, like that submitted 
to experiment, but’ having a vinous taste and smell. 

‘When the gas, contained in the gazometer, is examined, 
itis found to be carbonic’acid, holding in solution something 
which has a smell like that of the fermented liquor. On 
_ submitting the latter to distillation, we obtain a liquid consi- 
derably lighter than water, and having a strong spirituous 
taste. This, when deprived of the water with which it is 
eaabitied, is alcohol. 


| SECTION I. 
e : upa Icohol. 
‘Seithcahacn a subject of controversy peat he nlealiel, 
obtained by the distillation of wines, and. of other fermented 


liquors, existed ready formed in those liquors, or has been 
actually produced, in consequence of a new arrangement of 


- the elements of the fluid by the increase of temperature. 


‘The latter opinion was supported by Fabroni*, and had 
gained considerable currency, till the contrary was fully 
. established by Mr. Brande}, in two memoirs; in the first 
of which it was shown, that the results of the distillation of 
wine are not affected by a variation of temperature equal to 
20 degrees of Fahrenheit; and in the second, that alcohol 
may be separated from wine, without the intervention of 
heat. - 

When a solution of Siekate of lead (sugar of lead) or of 
-subacetate of lead (Goulard’s Extract) is added to wine, a 
dense insoluble precipitate is quickly formed, consisting of a 

* Ann. de Chim, xxx. 220. + Phil. Trans. 1811, 1813. 
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compound of the meiallic oxide, with the acid and extractive 
colouring matter-of the wine. -On filtering the fluid, we ob- 
tain. a, mixture of alcohol, water, and a-portion of the acid of 
the metallic salt; provided the latter has not been. added in 
excess, in which case a part of the salt remains undecom- 
posed. From this liquid, hot and dry subcarbonate of pot- 
ash separates the water; andthe alcohol floats at the top, 
forming a distinct stratum. . By operating on artificial mix- 
tures of alcohol and water, Mr. Brande found that when the 
alcohol is not-less than 16 per cent, the, quantity, indicated 
by the sub-carbonate, was always within one half part in 100 - 
of the real proportion contained in, the mixture. . The ex- 
periments may be repeated in glass tubes, from half aninch - 
to two inches diameter, accurately graduated into 100 parts. 

Gay Lussac * has lately recommended the substitution of 
very finely powdered litharge for the acetate of lead; and 
has added the important fact that wine distilled 7 vacuo, 
‘at the temperature of 60° Faht., affords ‘alcohol ;_ a con- 
vincing proof, if any had been required, that the alcohol is 
merely separated, and not formed, by distillation. 

. From an extensive series of experiments, Mr. Brande has 
éonstrisctéd the following | 


* 86 Ann. deChim. 17 
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Table of the Quantity of . Alcohol, of Specific gravit y :825 at 
60° Faht. in various Wines, Sc. 


Kind of Wine. 100 Measuies Kind of Wine: 100 Measures 
Port, aver AGE soe oye 2548 | HVONUONAC, .... 2%» 12.79 
Ditto, highest .. ea een OL UOT sit neeae so «L205 
Ditto, lowest... ..064.19 Roussillons. VE 49 4 217.26 
Madeira, highest... ..24.42 | Cape Madeira..;.....18.11 
Ditto, lowest.........19.34 | Cape Muschat.......18.25 
Sherry, average of 4..19.19 | Constantia .......... 19.75 
Claret, ditto OFS: Pe hn OP: oN Ol 7:1 ae a ne dere 
MeCavella: ses. wee bad eR CEPR MARI cc ptre mt ang 15.52 
Pasbons, 2). Tie ay 18.94 | Syractise. 2. be, 15.28 
Moalags:.¢ ahistoosiwin PIAGE: Nide. f 58x APY. YI 14.63 
Buceillas........ site 18498) TL Olea stercthiepe iat aed s 9,88 
Red Madeira...... ..18.40 | Raisin Wine:........ 25.77 
Malmsey Madeira....16.40 | Grape Wine......... 18.11 
Bice alee. poe sts s ». ..25.87 | Currant Wine....,..20.55 
SC ates sivas 17.26 | Gooseberry Ditto. Segre 11.84 
Red Champagne. *..-.11.80 | Elder Winew.... 9.87 
White Ditto........ ULe.e0* Cidesney bo Bodie iO BT 
Burgandy....... ‘mp A ABa HPSrry ond baslesde.- 9.87 
Distt ek. 11.95 | Brown Stout ....... . 6.80 
White Hermitage. . line ge Te A I AN ROPIR FET 
PURE TICE s CUS nie. ae hoo | MOTALICY Vane any coos 0s ODO 
Phockoressss re eae oP. oes A 569 
Dittoows. 07 va inaes G88 ibtollands..(... (6.0. .<0.51.60 


Vin de Grave........12.80 


Some doubt may, perhaps, tie excited of the accur acy of 
this Table, by a reference to the comparative intoxicating 
effects of port wine and brandy, the latter of which certainly 
are more than double those of the former. But it is to be 
remembered, that, in wine, the alcohol is in a state of com- 
bination with other ingredients, which must necessarily 
diminish its activity on the animal system. 

I, To prepare alcohol, the spirit of wine of the shops may 
be employed. To a quantity contained in a glass vessel, the 
sub-carbonate of potash, perfectly dry, and heated to about 
300°, is to be added; the mixture is to be well shaken; the 
clear liquor ete and this is to be repeated as long as 
the alkali is moistened by the spirit. When enough has 


$s 2 
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been’ employed, the next addition will fall to the bottom in 3 
perfectly dry state. The dry muriate of lime may be advan- 
tageously used as a substitute for alkali. Or it may be em- 
ployed to strengthen alcohol, which has been: prepared with 
the mild vegetable alkali; but it appears doubtful whether a 
little ether is not produced by its action. When the mu- 
riate is no longer moistened on being added to the spirit, we 
may conclude that enough has bin used. ‘Two distinct 
strate will then be seen in he liquid, the solution of muriate 
of lime in water, at the bottom, and the alcohol at the top. 
The latter is to be decanted, or drawn off by a syphon, and. 
then submitted to distillation, reserving only the portions 
which first pass over. Gay Lussac recommends quicklime 
or barytes, in preference to muriate of lime; and Dubuc ad-_ 
vises the use of dry alumine, by which he brought alcohol to 
the specific gravity .817, i a any risk of forming ether 
by the process *. 

—H. 1. Alcohol is oanides ably lighter than water, viz. 
in the proportion of 800 or 820 to 1000. The lightest, that 
can be, obtained, by simple distillation, from spirit of wine, 
has the specific gravity of 825. By the intervention of sub- 
stances which strongly attract water, Chaussier brought it 
to the specific gravity of 798, and Lovitz and, Saussure jun. 
to 791 or 792. Alcohol of the specific gravity 820 still 
contains, according to Lovitz, about +,th its weight of | 
water. When of the specific gravity 920, it has been roaltea 
proof spirits; the term above proof being used to denote a. 
spirit lighter than this, and under proof one which contains 

a still larger proportion of water. Rectified spirits directed, 
by the London Pharmacopeeia, to have the specific gravity 
of 835, but it seldom exceeds 840. The quantity of alcohol 
and water in mixtures of different specific gravities, may be 
learned from Mr, Gilpin’s copious tables, of which the fol- 


pote is an abstract +. Ff 


* 86 Ara. de Chim. 314. 
‘ b phiieayial Transactions, 1794, or Nicholson’s Journal, Ato. vol. i. 
Mr. Gilpin’s standard alcohol had the specific gravity of 825, and’ Chaus~ 
siew’s Of #93. - 2 
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Table, showing the Spec a Gravity of the Mixtures of 


_ Alcohol and Water. 
ip * SPECIFIC GRAVITIES. 
Centesimal parts of According to] According to Gilpin 
the Mixture. Chaussieér. (last Table). 
6 Se SR Resa esiens Rossiter 4 i ras te LE ANS toe abs a 
Alcohol.....100 0.7980 0.825 
95 0.8165 0.83887 
90 0.8340 0.85244 
— 85 0.8485 0.86414 
80 0.8620 0.87606 
75 0.87525 0.88762 
70 0.8880 0.89883 
65 0.9005 0.90941 
60 0.9120 0.91981 
55 0.9230 0.92961 
50 0.9334 0.93882 
45 0.94265 0.94726 
AO 0.9514 0.95493 
35 0.95865 0.96158 
30 0.96535 0.96736 ° 
25 0.97035 0.97239 
,; 20 0.97605 |. 0.97723 
15 0.9815 0.98213 
10 0.9866 0.98737 
: 5. 0.99335 0.99327 
0 0.99835 | 1.00000 


2. Alcohol unites chemically with water; and caloric is 
evolved during this union. Equal measures of alcohol and 
water, each at 50° Fahrenheit, give by sudden admixture 
an elevation of nearly 20° of temperature; and equal mea- 
sures of proof spirit and water an increase of 91°. ‘The 
bulk of the resulting liquid is less also than that of the two 
before admixture.—Thus a pint of alcohol and a pint of 
water, when the mixture has cooled to the temperature of 
the atmosphere, falls considerably short of two pints. 

8. Alcohol is highly inflammable. During its combus- 
tion, carbonic acid is generated ; no charcoal appears; and 
a quantity of water is produced which exceeds in weight the 

alcohol employed. An ingenious apparatus, for the purpose 
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of ascertaining this fact, is described in the third part of La- 
voisier’s “aieaninte and is represented in the 9th plate to 
that work, fic. 5. The flame of alcohol acquires a red 
colour from muriate of lime, a deep blood-red from the mu- 
riate of strontites, anda green tinge from boracic acid. | 
4. Alcohol is a fluid which is “remarkably expansible by 
heat. Dividing the scale between the freezing and boiling 
points of water into two equal parts, Mr. De Luc has stated 
Ht alcohol expands 35 parts for the first 90°, and 45 parts 
for the second 90°. ‘The streneth of his alcohol, however, 
is described only by the indefibite test of its firing gunpow- 
der. Mr. Dalton found that #000 parts of albctiol of the 
specific gravity .817 at 50° Fahrenheit become 1079 parts 
at 170°. At 110°, half way between the two extremes, the 
alcohol was at 1039, or half a division below the true mean. 
The more the alcohol is diluted with water, the greater he 
found the. disproportion between the two parts of the scale. 
When of the specific gravity .967, answering to 75 per cent 
water, the ratio of expansion through the first half between 
~ 60° and. 170°, was to that tbepnah the second half as 35 to 
4.5, which is precisely the same as De Luc gives for pure 
alcohol. In reporting these results no account is taken of 
the expansion of the glass vessel, and consequently the real 
expansions may be Fate Pi as rather exceeding the appa- 
x i ones which have been stated. 

5. Alcohol boils at 176°. If water be added, its boiling 
sisi is proportionably raised; so that the temperature, at 
which it boils, is not a bad test of its strength. At this de~ 
gree of heat, it is converted. into a vapour, which may be 
exploded by passing an electric ‘pnts through a mixture of 
it with oxygen gas. . 

Alcoho] of the specific gravity .8152 at 50° Faht,, gives 2 
gas, the density of which is 14 times that of the atmosphere, 
To become gaseous, alcohol ebb 0.436, the caloric re- 
quired to vaporize an equal weight of water. | 

6. It has never yet been congealed by any known iethiod 
of producing artificial cold. Even’ when diluted with an 
equal weight of water, it requires acold of 6° below Oto 


- 
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congeal it. Mr. Hutton, of Edinburgh, announced, indeed, 


more than two years ago*, that he had:succeeded in cons: . © 


gealing alcohol of the specific gravity .798, but the details of: 
his process have not yet been published. 

7. Alcohol is a powerful solvent. It dissolves soap; vege-: 
table extract ; sugar; oxalic, camphoric, tartaric, gallic, and 
benzoic acids; volatile oils; resins; and balsams. It com- 
bines, also, with sulphur, phosphorus, and the pure alkalis ; 
but not with their carbonates. Of the class of salts-with 
alkaline, earthy, and metallic bases, alcohol dissolves some 
copiously, others sparingly, and others not at all. The pro- 
portion, in which some of these are taken up, is stated in the 
following Table by Wenzel, the principal defect of which 
is the omission of the specific gravity of the alcohol em« 
ployed. 

Two hundred and for arty grains of boiling alcohol dissolve 
of 


. Grains 
Porate Ot AMMOMIB KN 6 6 Ss cA Sane cas 1 
Plwate of alumine. Cave Ca ee oles, 1 
| RINMONIMA. do) suid lie. cult ive i 
Wiirriate of Sagi omia {eressim a: clene-m is bewrene 17 

iia te a PSR a ae 288 
magnesia. Wu imne $) dite gain Ha Oo 
potash . . sige viace's Mahe wieters 5 


‘Nitrate of alumine. . PABA PY 2 B40 
polinintib bettie HINMORIGE UE aslabs ac nde ke 214 


lime.. “@e2@0@ @eeeeaenvnepeeese 288 
MAGNESIA, se aseees sees oo, G94 
potash .. vi-adh tate ee 5 


oittadarn Bet Soak ui gaged Bin 23 
* Oxalate of alumine. J.) 0. 0. eee 7 
Tartrate of alumine..........03404 7 
, ———-—— AMMONIA... 2.00 ceereeae 7. 
1 
q 
7 


aa potash. oeoee oe e978 @eo ox O28 
Super-tartrate of potash.....sereees 
oxalate of potash. ..es..ey eee 


Mr. Kir wan, alas has given us a very useful Table, show- 


* Nicholson’s Journal, xxxiv.166. See alse Thomson’ $ Annals, i i, 921, 
- and ii, 63, 471. , 
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ing the power of alcohol at different specific otavities to dis- 
nokia nit chal of the neutral salts. The salts were first de=: 
prived of their water of crystallization, and were digested, | 
during three days, with alcchol, the soincualnanaal of which 
never exceeded 80° Fahrenheit. | 

100 Grains of lets) at 


a 


ba te Cad S Tr 


on aide 848 | .834 | 817 


ee) ee ee 


: Gillphats ofsoda.... 0.1. ON GO OA 
oes eee POSED Mee LO 0 O. 
. Nitrate’ of potash. . iy DAGilonit[eOe vd O 0. 
——--—  soda.....0., 10.5. |6 ne ep pO GSt Q, 
i Muriate of potash......| 4.62)1.66}....| 0.38]. 0. 
“i soda....ee--| 5.8 13.67]....] 0.5 


“ammonia. 2k LETS Totcecs | Leo 
magnesia... ..|21.25]....|23.75/36.25|50 


| barytes yen... lL. }....} 0.29) 0.18) 0.09: 
—__—_—_——~ crystallized} 1.56}....} 0.43] 0.32) 0.06 © 
Acetate of lime........ 2.4 }....| 4.12) 4.75, 4.88 


Some salts, also, when actually dissolved in water, are 
precipitated by the addition of alcohol. ‘This is the case 
chiefly with the sulphates, several of which are precipitated 
immediately, while others are not separated without the ap- 
plication of heat and a few days’ repose. 

8. Alcohol, when transmitted through a red-hot copper 
tube, is decomposed. ‘The tube is found lined with a very 
fine light soot resembling lamp-black, and~ an enormous 
quantity of carburetted hydrogen gas is evolved, not less, as 
appears from an experiment of Van Marum, than ten cubic 
feet by the decomposition of three ounces of alcohol. From 
the analysis of this gas, Mr. Cruickshank has inferred that 
in alcohol the carbon.is to the Biaiey Soe in the proportion oF 
4to1*, 

9, In order to’ determine accurately the composition of 
alcohol, Layoisier burned a quantity with very minute at- 
tention to the products. _ The weight of alcohol consumed 
amounted to 93.5 ens = 110.32 grains his oxygen were 


rng ny 
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expended in the combustion The water produced amounted: 
to 106.2 grains; and the carbonic acid to 93.8. From the 
known quantity of carbon in carbonic acid, and of hydrogen 
in water, Lavoisier inferred that the alcohol, on which he 
operated; consisted of 


CBT OD: ct saa ete oan olin be 8 Adee & OS 
Hydrogen . SETS, DAE Cate EY 7.87 
Water (existing } in the alcohol) . .63.6 


100 


Comparing, then, the composition of alcohol with. that, 
of sugar (a compound, as has already been stated, of 8 parts, 
hydrogen, 64 oxygen, and 28. carbon), the same: distin- 
guished philosopher was led to the conclusion that, during, 
the vinous fermentation, part.of the carbon, by uniting Sethi 
the oxygen, passes to. the state of carbonic acid, and that the’ 
remaining carbon, with the hydrogen of the sugar, composes 
alcohol. If, therefore, it were possible to combine carbonic 
_ acid and alcohol, sugar ought to be regenerated. 

An analysis of alcohol has lately been executed with con- 
siderable skill by Saussure jun. ‘T'wo different methods were 
employed in his experiments. Alcohol was transmitted 
through a red-hot porcelain tube; by which operation it 
_ afforded water, and a quantity of gas, which readily admitted 
_ of analysis. By an elaborate set of experiments, alcohol, of 
specific gravity .792 at 68°, was proved to contain, per cent, 


Carbon eoeOeeaevose7 00208888 2-51.98 
CONV ees os ts shes dina otek ope PEO 
Hydrogen........0+0+++-13.70 


: 100. 

Beside the hydrogen, necessary to form water with the 
34.32 parts of oxygen, there are 9.15 parts of hydrogen in 
excess. Now it is remarkable that this excess of hydrogen 
is to the carbon in alcohol (51.98) in the same proportions? 
as the hydrogen is to the charcoal of olefiant gas ; and we are, 

therefore, entitled to consider 100 parts of alcohol, of specir 

6 
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fic gravity .792, as constituted of (9.15 + 51.98 =) 61.13 
parts of olefiant gas and 38.87 of water; or of two atoms of 
olefiant gas, and:one of water; or of two atoms of meen | 
three of hydrogen, and one of oxygen. 

In 100 parts of alcohol, specific gravity. £792, we athe: 
therefore, the elements of 100 parts of olefiant gas, united 
with those of 63.6 water. But as this alcohol may still be 
supposed to contain 8.3 per cent water, real alcohol i is pro- 
bably constituted of 100 parts of the elements of olefiant 
gas, and of 50 parts of water. 

By distillation with the more powerful acids, alcohol un- 
dergoes an important change. Itis converted into a liquid 
considerably lighter than alcohol, and much more volatile’ 
and inflammable, and miscible. only in small proportion 
with water. ' This fluid has received'the generic name of: 
ETHER; and the peculiar varieties are distinguished by add-- 
ing the name of the acid, by the intervention of which they” 
Wave been as ia “shai 


SECTION IIf. 


Ether. 


_E. To prepare sulphuric ether, pour into a retort any quan=> 
tity of alcohol, and add, at intervals sufficient to allow the 
mixture to cool after each addition, an equal weight of con- 
centrated sulphuric acid, agitating them together each time, 
and taking care that the temperature of the mixture does 
not rise above 120° Fahrenheit. Let the retort be placed 
in a sand-bath previously heated to 200°, and be connécted, 
by means of an adopter, with a tubulated receiver, To the 
tubulure of the receiver, a glass tube, twice bent at right 
angles, may be luted; and its aperture be immersed in a 
cupful of water or mercury. The condensible vapour is 
thus eonfined ; while the gases that are produced are allowed | 
to escape. The receiver and aeORIEE, 8 should be kept cook 


SECT. ITI. ° ETHER. 267 


by the application of ice or of moistened’cloths. As soon 
as the materials begin to boil, ether is produced, and passes 
over into the receiver. The ebullition is to be continued,’ 
till white vapours appear in the retort, or a smell of sulphu-’ 
ous acid is perceived ; and the receiver is then to be removed. 
The liquor, which it contains, will probably: have a smell of 
sulphurous acid. ‘To purify it, a small quantity of black 
oxide of manganese may be added; and the mixture may 
be kept in a bottle about 24 hours, agitating it occasionally. 
The clear liquid is then to be decanted, and distilled in a 
water bath, till one half has come over. This is to be pre- 
served in a well-closed phial. It att ei dips alcohol eu 
_ ployed, as about Ito 3. 2 

If, when the ether. ceases to be ne the receiver bd 
removed, and the heat still continued, sulphurous acid is. 
produced abundantly, and a yellowish liquor, very different 
from ether, distils over. ‘This may be mixed with a smalk 
quantity of liquid potash to correct the sulphurous smell, 
and then submitted to a heat sufficient to drive off the small 
proportion of ether. The oz! of wine remains swimming on 
the watery liquid. 3 

IL. Mtric: ether may be -pr bili as follows. To two’ 
pints of alcohol, contained in a glass retort, add, by degrees, 
half a pound of nitric acid; and, after each addition, cool 
_ the materials, by setting the retort in a vessel of cold water. 
Distil the mixture by a very cautiously regulated heat, till 
about a pint and a half have come over. In this state the 
_ ether is far from being pure, and must be redistilled, with 
the addition of pure potash, preserving only the first half 
or three fourths that come over. 
_ Thenard prepared nitric ether by the following process. 
Into a retort, he put equal parts (about 16 oz. ad each) of 
alcohol and nitric acid; and adapted to it in succession, by 
means of glass tubes, five tall bottles, half filled with a sa- 
turated solution of muriate of soda. In the last, was a bent 
tube, opening under a jar, to receive the gas. ‘The bottles. 
were surrounded by a mixture of Acurted ice and salt, 
which was stirred occasionally. To commence the opera- 
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tion, a little fire was applied, but it soon became necessary 
to extinguish it, and to cool the retort. On the surface of 
the saline solution, in each of the bottles, was found, after 
the process was concluded, a yellowish liquid, equal in weight. 
to about half the alcohol employed. ‘That in the first bottle 
_ was impure ;. but the remaining four contained nitric toi 
- free from admixture. | 

Nitric ether, thus prepared, is specifitelty lighter Elia 
water, but heavier than alcohol. © It dissolves in the latter 
fluid, but requires for solution 48 parts of water. It reddens 
litmus; and though this property may be destroyed by a 
little lime, yet the ether soon becomes acid again by keeping. 
It is highly combustible; and much more volatile than the 
best sulphuric ether. It is composed, in 100 parts, oF 16 
azote, 39 carbon, 34 oxygen, and 9 hydrogen*. | 

-III. To prepare muriatic ether, add, to a mixture of 8 
parts of manganese and 24 of muriate of soda, in a retort, 
12 parts of inivietd acid, previously mixed, with the ne- 
cessary caution, with 8 of alcohol, and proceed to distillation. 
The ‘ether, thus obtained, requires to be rectified by a se- 
cond distillation from potash; and is still liable to be con- 
taminated with sulphuric ether. A more certain process, 
which is not, however, unaccompanied with some difficulty, 
consists in passing oxygenized muriatic gas through alcohol; 
and, according to Klaproth, this kind of ether may, also, 
be safely and effectually prepared by distilling equal parts 
of alcohol and oxymuriate of tin. ‘The distilled liquid is 
to ‘be rectified by a second distillation with caustic potash. 
An improved mode of preparing this ether, and an account 
of its pr operties, by Thenard, may be found in Nicholson’s 
Journal, xviii. 177, or in the dace Magazine, 
xxx. 101, 

-IV. Phosphoric ether may be obtained, by distilling * 
mixture of thick tenacious phosphoric acid and alcohol. 
The first product is.a portion of unchanged alcohol. After ° 


* Nicholson’s Journal, xviii. 144. 
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this, a liquid passes over, which has an etherial smell, and 
a specific gravity inferior to that of alcohol. . It is very vola+ 
_ tile, requires for solution eight or ten parts of water; boils 
at 100°; and burns with a white flame, without heats any 
trace of acid*. 3 

V. Fluoric ether has been obtained by Mistilling, in a 
leaden retort, a mixture of equal parts of fluate of lime, 
sulphuric acid, and alcohol... The product of this distilla- 
tion was again distilled till one half had come over, to 
which potash was added. ‘This precipitated so much silex, 
as to gelatinate the whole mass, which, on being again dis- 
tilled gave a light etherial liquid of the specific gravity 
720:+. ; 

VI. Acetic ether may be formed by repeatedly aistilline 
concentrated acetic acid (procured from acetate of copper) 
_ with alcohol, and returning the distilled liquor te the charge 

-in the retort. The ether, thus produced, may be freed 

from a redundance of acid, by distillation with a small quan- 
tity of potash. It is heavier than other ethers, its specific 
gravity being .866. It is volatile; boils at 128°, and burns 
with a yellowish white flame. During combustion, acetic 
acid is developed, though none can be discovered in the 
ether before. 
_- This process has been lately repeated, with dob cidevabha 
attention, by Mr. Chenevix. By repeatedly distilling to 
dryness a mixture of ten parts of alcohol with ten parts of 
acetic acid, he ascertained that no change in the specific 
gravity of the product took place after the first distillation. 
Seven twelfths of the acetic acid were decomposed. ° Dry 3 
carbonate of potash, added in sufficient quantity to.absorb 
all the water, gave a quantity of etherial liquor, which 
weighed 7.4 parts, and had the specific gravity of 8.621 {. 


— * See Boullay, daleg de Chimie, 1xii. 192, 

4% Nicholson’s Journal, viii: 143. 

y} Annales de Chimie, Ixix. 45. See also Thenard on the Action of 
Vegetable Acids on Algohol, Mém. d’Arcueil, ii. 5. or 37 Phil, Mag. 216. 
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Sulphuric ether will be best employed to exhibit the pro- 


perties of this substance, which arethe following: » 


1, It is extremely light, having the specific gravity of” 


.730, or, according to Lovitz, even of .632. 

2. It does not, like alcohol, combine with bintess and 
when the two fluids are shaken together, they separate again 
on standing. Water, however, retains about one tenth its 
weight of ether. ‘By repeated agitation with water, ether 
is brought toa high degree of purity, and acquires the pic 
perty of dissabyhrigy agmberaiel viet | 

The process, as performed in presence of Faujas de St. 


Fond, by. Mr. Winch of London, is described by the former | 


as follows: Leta pint of good sulphuric ether be put intoa 


bottle (or, in preference, into the separator, plate i. fig. 3), 


along with two pints of water; agitate the two liquids re- 
peatedly together; then Jet them stand till the ether has 


risen to the surface; and draw off the water through the 


lower cock 4, Jeaving the ether in the vessel. Repeat this 


process three or four times, or till scarcely one third of the’ 
ether remains; and decant the residue into a well-stopped 


phial. In this ether the elastic gum, cut into thin slips, 
soon begins to swell ;. but its action is slow, and about the 
end of five days, the solution is completed. The method of 


forming tubes, &c., with this solution, is described in the — 
first volume of Faujas de St.-Fond’s Travels in England, 


chap. i. if ee ats 

3. Ether is cael: volatile. A few drops, poured on 
the hand, evaporate instantly ; and produce a sense of great 
cold. By pouring a small stream of ether, from a capillary 
tube, on a thermometer bulb filled with water, the water is 
frozen, even in a warm summer atmosphere. Under the 
pressure of the atmosphere, it boils at 98° Fahrenheit, and 
in_ vacuo considerably below 32°. ‘Two ounce measures, 
when converted into gas at the temperature of 721° Fah- 


renheit, fill the space of a cubic foot *. According to Gay 


. * Saussure jun. . 


it 
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~ Lussac, ether, of specific gravity 0.7365 at temperature 50° 
Fahrenheit, produces a gas, the density of which is to that 
ef air as 2.35 to 1. | 
4. A mixture of sulphuric and muriatic ethers evaporates 
instantaneously, and produces a degree of cold considerably 
below 0 of Fahrenheit. | H 
5. Ether assumes a solid form, by reducing its tempers 
ture to — 46° Fahrenheit. . 
bo litBs Ether is converted, into a gas, either by raising its 
temperature, or diminishing the pressure of the atmosphere 
on, its surface. .The experiments proving this have already 
been. described, chap. iii. sect.4... 
7. Ether.does not. dissolve the fixed, alkalis, but it com- 
Pines with ammonia... 
8. It dissolves essential oils and resins, id takes up about 
_ atwentieth of its weight of sulphur, which is deposited as 
_ the sulphur volatilizes, Ether dissolves, also, a small por- 
tion of phosphorus, and the solution, when poured on the 
surface of warm water in the dark, emits a lambent blue 
flame. ' 
. 9. Itis highly inflammable. This is Te shown by pass- 
oa afew drops into a receiver furnished. with a brass cap 
and cock, to which a small pipe is screwed, and inverted in 
be water of the temperature of 100°. .The receiver will he 
- filled with the gas of ether, which may be expelled through 
the pipe and set on fire. It burns with a beautiful deep 
_blue flame. 
~ 10. When ether is previously mixed with oxygen gas, it 
detonates loudly. Into a strong two-ounce phial, filled 
with oxygen gas, and wrapped round with a cloth, let fall 
a drop of ether. On applying the flame of a candle, a vio- ' 
* lent detonation will ensue. Or to a portion of oxygen gas, 
contained in the detonating tube, fig. 28, pass up a drop or 
two of ether. The volume of the gas will be doubled ; and, 
on transmitting.an electric-spark, a violent detonation will 
ensue,-which will probably shatter the tube. In an experi- 
ment of Mr. Cruickshank, three measures of oxygen and 


9. 


Ul 
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one of etherial gas detonated most violently, and 21 measures 
of carbonic acid gas were produced. ah 

The following experiment, evincing the inftaa of | 
ether, is deiotiiyeal by Mr. : Cruickshank, in ee s 
Journal, 4to. v. 205: 

Fill a bottle of the capacity és three or four Hints; with 
pure oxymuriatic: acid gas, ‘taking care to expel the water 
as completely as possible. Then throw into it about a drach 
or a drachm and a half of good ether, covering its mouth 
immediately with a piece of light wood or paper. In a few 
seconds white vapour will be seen moving circularly in the — 
bottle, and this will soon be-followed by an explosion, ac- 
companied with flame. At the same time a considerable. 
quantity of carbon will be deposited, and the bottle will be — 
~ found to contain carbonic acid gas. | 

The same effect is produced, but more slowly, by aloohl : 
and, along with the carbonic ane and ner a little ether 
1S. s produced. | 

11. According to Mr. Cruickshank; the proportion of 
carbon to hydrogen i is in alcohol as eight or nine to one,: 
and in ether as five to one*. Mr. hil wie however, -has 
lately submitted ether to analysis with somewhat different 
results. . By following the same processes as those which 
have been already described, and, also, by the rapid combus- 
tion of ether with oxygen gas, he found that 100 parts of 
sulphuric ether, of specific gravity 0.7155 at 68" piled 
contain 
Carbon ...... .:67.98 

ORV GCN 0 uss culan bf 
Hydrogen eee ee L440 


100 


The excess of hydxogen, above. what: is necessary to form: : 
water with Ae 62 parts of oxygen, is. 12.07 parts, whichs, 
is Nibholson’s Journal; 4to. v. 205, n. 
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when added to the carbon (12.07 + 67.98) give 80.05 for the 
olefiant gas in 100 parts of ether. he remainder 19.95 
parts are water. Ether, therefore, is constituted of 5 atoms 
of olefiant gas, and one atom of water; or of six atoms of 
hydrogen, five of charcoal, and one of oxygen. — 

To understand the conversion of alcohol into olefiant gas 
or ether, it is necessary to pee te the ig omen of their 
elements. 


. Alcohol consists of 100 parts oleant gas + 50 water. 
Ether ———_——— 100 parts ditto + 25 water. 


If then, to alcohol, we add a proportion of sulphuric acid 
sufficient to take away the whole of the water, we obtain 
only olefiant gas. But if we use no more sulphuric acid, 
than is nificient to abstract half the water contained in al- 
cohol, we then obtain ether. It must not, however, be sup- 
posed that, in practice, we are ever able to effect these 
conversions without loss; for a certain proportion of the al- 
cohol is decomposed, by the too energetic. action of the acid, 
into its ultimate elements, especially towards the close of the 
process; and beside ether or olefiant gas (whichever it may 
be our object to prepare) we obtain sulphurous and carbonic 
acids, and acharry residue. It is nevertheless true that the 
_ sulphuric acid is efficient in the formation of ether, merely 

_ by abstracting water; and that nothing, by this process, is 
transferred from the acid to the sleohol for if it be stopped 
in time, the whole of the acid may be recovered, 


SECTION IV. 


Acetous and Acetic Acids. 


Turse two names were applied, by the framers of the new 
chemical nomenclature, to denote what were supposed to be 
two distinct acids, common.vinegar purified by distillation 
VOL. I, T 
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being ‘raed the .acetous, and the highly concentrated acid, . 

for Hit called radical vinegar, being denominated acetic. 
‘To account for the superior fame of the latter, it was, 
supposed to hold in combination a larger proportion of oxy-. 
gen derived from the metallic oxide, from which acectous 
acid is generally distilled, when converted into acetic. The 

experiments of Adet were the first that threw doubt upon this , 
conclusion; and though they appeared to be contradicted. 

by the subsequent ones of Chaptal and Dabit, yet they re- 

ceived the fullest confirmationfrom the researches of Darracq. 

The last-mentioned chemist succeeded in converting distilled 

into radical vinegar, under circumstances where no farther 

oxygenation could possibly be effected, viz. by repeated dis; 
tillation from dry muriate of lime; which can only act by 

abstracting water. Both terms, not eter, may be retained 

for the sake of brevity, the acetous acid denoting the dilute 
acid obtained by fermentation; and the acetic, “the acid in . 
its most dephlegmated state. 

Acetous acid may be procured by crpOnae to the at- 
mosphere, at a temperature between 75° and 90° of Fah-. 
renheit, the liquor which has been obtained, by the vinous” 
fermentation, from malt, sugar, or other substances. The: 
liquor soon becomes warm; a number of ropey filaments 
appear; and, after several days, it acquires an acid taste and 
smell, Little or no gas is evolved; but, on the contrary, 
an absorption of oxygeit takes place. There is an essential 
difference, therefore, between the vinous and acetous fer- 
mentations. ‘The latter requires the access of air as an in- 
dispensable condition ; whereas the vinous fermentation may 
be performed in close vessels,,.or at least in vessels which — 
only allow egress to the elastic fluids that are produced. 

Common vinegar may be purified, by submitting it to 
distillation in a cas retort. The best malt vinegar, un- 
adulterated by pity acid or colouring, has a. specific 
eravity of 1.0204. When distilled, the first eighth part is of 
sp. gr. 0.99712, and contains so much acid, that a fluid ounce 
dissolves from 4.5 to 5 grains of precipitated carbonate of 
lime. The subsequent six eighths are of the sp. gr. 1.0023, 
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and afluid ounce decomposes 8.12 grains of carbonate of 
lime. A similar quantity, of sp. gr. 1.007, decomposes from 
15 to 16 grains of precipitated carbonate of lime, or 13.8 
grains of marble *. By distillation, vinegar can only be 
imperfectly purified. ‘The distilled liquor always contains 
an extractive matter, which Darracq considers as mucilage ; 
and,» also,.as Mr. Chenevix has shown, a small portion of 
alcohol. The extractive matter, it has been found by the 
latter chemist, cannot be removed by repeated distillations. 
In French vinegar, he discovered a larger ‘proportion both 
of acid and alcohol, with less mucilage, than in the vinegar 
of this country. From four pints of distilled French vine- 
gar, he.obtained nearly an ounce measure of ardent spirit. 
Acetous acid is prepared, also, in very considerable quan- 
tity by the distillation of wood. ‘The wood is inclosed in 
iron cylinders or retorts, which are exposed to a red heat. 
An immense quantity of inflammable gas is produced; and 
a liquid is condensed, which consists of acetous acid holding 
in solution a quantity of tar and of essential oil. These im- 
purities it is scarcely possible to remove entirely; so that 
the acid, thus prepared, can be applied only to the manu- 
facture of solutions for the dyer and ealico-printer, to whom 
its disagreeable smell is not objectionable.. 
Anew process, for the decoloration of all kinds of vinegar, 
has been lately proposed by Figuer. The agent he employs 
is animal charcoal, which may te prepared by calcining the 
most compact beef or mutton bones in a crucible, to eich 
a cover must be luted, having a small aperture, to allow the 
escape of the gasses, and of the other volatile substances. - 
‘Towards the close of the calcination, when no more flame 
issues, this aperture must be closed, and the heat raised for » 
half an hour. To a wine quart of cold vinegar, an ounce 
and half of this charcoal, finely powdered, is to be added, 
and occasionally stirred. In 24 hours, the vinegar begins to 
lose its colour, and, in three or four days, is entitell dopeanell 
* Phillips on the London Pharm, p. 7. 
T 2 
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of it. It is then to be filtered through paper, and it will be 
found (if the charcoal has been well prepared) to retain its 
acidity, without having acquired any unpleasant flavour. 
By reducing the quantity of charcoal to one half, the change 


is still effected, but more slowly. 


- Acetous acid unites with alkalis, earths, a metallic 
oxides. 

When potash, saturated with this acid, is evaporated to 
dryness, the salt assumes a black colour. On being redis- 
solved, however, and again evaporated, the salt is obiatttind 
white, and, when fused and suffered to cool,. caffor ds the 
acetate of potash. Sask 

This salt strongly attracts moisture from the air, and is 
very soluble in water. When exposed to a pretty strong 
heat it is decomposed ; carbonic acid and carburetted hy- 
drogen gases come over; and, in the retort, there remains 
a mixture of carbon with carbonate of potash. 

~ When this salt is distilled, with half its weight of sulphu- 
ric acid, the vegetable acid is expelled in a very concentrated 
form, mixed with sulphurous acid. Digestion with a small 
portion of manganese, and subsequent distillation, affords it 
pure. It may be obtained, also, by distilling equal parts of 
acetate of lead and sulphate of copper. Or 

The crystallized acetate of copper, contained in a glass 
retort, which may be nearly filled with the salt, may be sub- 
mitted to distillation in a sand-heat. The acid that comes 
over has a. green colour, and requires to be rectified by a 
second dlistillirticn Its specific gravity, then varies from _ 
1056 to 1080. Ifthe products be reserved in separate por- ~ 
tions, it has been observed by M. M. Derosne *, that those 
which are obtained towards the close, though specifically 
lighter than the earlier ones, are still more powerfully acid, 
assuming, as! the test of their strength, the quantity of alkali 
which they: are capable of saturating. The last products, 
it was found also, when submitted to distillation, yield a liquid 


- 


_ * Annales'de Chimie, Ixiii, 267. 
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which has even less specific gravity than water. This liquid 
may be obtained, in a still more perfect state, by saturating 
the latter portions of acetic acid. with caustic and solid pot- 
ash; the acetate of .potash precipitates; and a fluid swims 
above it, which ‘may be rectified by distillation at a gentle ~ 
heat. It is perfectly limpid; has a penetrating taste; is 
lighter than alcohol; evaporates rapidly with the production 
of cold when poured upon the'hand; and is highly inflam- 
mable. It does not redden litmus. Excepting that it is 
miscible, in any proportion, with water, it has all the quali- 
ties of ether, and like that fluid has the power of decomposing 
the nitro-muriate of gold. M. M. Derosne have preposed 
for it the name of pyro-acetic ether. Its production, they 
observe, is confined to the latter stages in the distillation of 
acetate of copper, and is owing, they suppose, not to any 
modification of alcohol, but to Seed in athe arrangement 
of the elements of the salt, | 

These observations are confirmed by the subsequent ones 
of M. Mollerat*. Examining two portions of acetic acid, 
which had precisely the same. tae gravity (viz. 1063), 
he found that the one contained 87 per cent, of real acid, 
and the other only 41. The first he is disposed to consider 
as the strongest acetic acid that can be procured. It may 
be distilled at a very moderate heat with great rapidity, and 
without entering into ebullition. To this acid, having the 
specific gravity 1063 (and of which 100 grains aquired for 
saturation 250 of sub-carbonate of soda), he gradually added 
water, and found, though water. is lighter than the’ acid, yet 
that the. density of the mixture inunasd tillit became 1079. 
From this point, the additions of water occasioned a regular 
diminution of specific gravity. Mr. .Chenevix has since 
observed the same ancnmly, 1 in the acid m oduced from acetate 
_ of silver, 

Acetic acid, thus prepared, liye sanadal deeiarkatills pro- 
perties. Its smell is extremely pungent, and it raises 


#6 


* Annales de Chimie, lxviii, 88 ; or Nicholson’s Journal, xxv.155. 
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blister when applied to the skin for a sufficient length of 
time... When heated in a silver spoon over a lamp, its va- 
pour may be set on fire. At the temperature of about 38° 
- Fahrenheit it becomes solid and shoots into beautiful crys- 
tals, which again liquefy at 40°. It appears not to be easily 
destructible by heat; for Mr. Chenevix transmitted it five 
times through a red-hot porcelain tube, with the effect of 
only a partial decomposition. 
_ Gay Lussac and Thenard, and Berzelius have routthig 
analyzed acetic acid ; the two first by the combustion of ace- 
tate of barytes, of known composition, with hyper-oxymuriate 
of potash. Their results are as follow. .One hundred grains. 
of acetic acid consist of : 
Carbon, Pi Leeper 


According to ee Lussac ..50.224 ....44.147....5.629 
oe SE Berens: S68 co AGO a Cte 


The pr spottions obtained by Gay Lussac and Thenard 
may be stated also as follows : 


Carbon, seldwies i iiile  eaels » 50.294 

Oxygen and fev in a 46.911 
same proportions as in water 

Excess Of OXYGEN cow ceeeienes se 20863 


100. 

The acetic acid enters, Tike vinegar, into combination with 
alkalis, earths, and metallic oxides. Zs Mia é 

The acrTaTE or POTASH, formed with this acid, is per- ; 
fectly white; and‘does.not, when liquefied by heat, become — 
blackened by the separation of charcoal, like that afforded 
by common vinegar. It is deliquescent, and soluble in about 
its own weight of cold water; and in-twice its weight of 
boiling alcohol. By distillation per se, its acid is decom- 
posed ‘and resolved into pyto-acetic ether, carbonic acid, and 
carburetted | hydrogen g gases. 

ACETATE OF SODA is ‘eryitallizables does not ielicpiees in 
the air: dissolves in Jess than its own weight of cold water, 
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“or in twice its weight of boiling alcohol; and gives, by de- 
structive distillation, similar Aiodeey to the acetate of pot- 
ash. Berzelius found it to consist of 


Acetic atidGal so. . 4 4.36.98 
Soda ®eerte G8 8608 & 6 ave ee¢8 -22.94 
Water @e2e68es8 * eeesoe@eose¢er#es 40.) 1 


~ 100 


Or exclusively of water, 


AXGIG § 0 phon 0g 014 955 0.49, 09 4 OLIGO wae. LOO 
NHIOSS Lost ets liaid’s doles s Mean aRiC ed 62.1 / 


100. 


ACETATE OF AMMONIA derives its only importance from 
having been long employed in a liquid form in medicine, 
under the name of Spirit of Adindererus. The solution does 
‘not yield crystals:by evaporation, but affords a deliquescent. 
_ mass, which is readily soluble in water and in alcohol;. and, 
in its solid form, is volatilized at 250° Fahrenheit. iG 

ACETATE OF LIME may-be made, by careful evaporation, 
to crystallize i in the form of small silky needles. It is per- 
manent.in the air, and very soluble both in water and alcohol, 
According to Berzelius, it is composed of 


URCIC atthe ens BO42RS1 i. e100 
Lime raih laa’ ¢ Bt ands CORE oe eee 55.74 


100 


AcETATE OF BARYTES is a crystallizable salt, which does 
- not grow moist, but rather loses a portion of its water, by 
Bava to the air. It requires for solution about twelve 
parts of cold, and not quite two parts of boiling water. Al- 
cohol dissolves only a very small proportion. By distillation 
per se Mr. Chenevix finds that it gives pure pyro-acetic ether, 
of the specie gravity, 0. ee coloured by a little empyreu- 
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matic oil.. Gay Lussac and Thenard state its composition 

to be im | dibhelt a 

ay h 4 Acid se eeceve ees A317 
Base ees cer ees sOOeOd 


ACETATE OF STRONTITES - is more. aalahie than the last- 
mentioned acetate, requiring only about twice its weight of 


cold water for solution. Its properties have not been fully - 


investigated. 

‘aan ATH OF MAGNESIA cannot be obtained in cr ystals, 
but only in the state of a thick viscid mass, which is extremely 
deliquescent, and soluble both in water and alcohol. 

ACETATE OF ALUMINE is generally formed, by double de- 
composition, from the mixed solutions of acetate of lead or 
lime and sulphate of alumine. It is a compound of consider- 


able importance frum its use in dyeing ‘and calico-printing. 


When applied, however, to these purposes, it contains always | 


@ quantity of common alum, and the properties of the pure — 
combination of alumine with acetous acid are but imperfectly — 
known. Gay Lussac*, however, has found that it has the — 


remarkable quality of being decomposed by heat and of de- 
positing alumine, which it re-dissolves on cooling. The 


_ effect takes place, even in vessels hermetically sealed, and 


fr 


when the solution has an excess of acid. , It appears to bear — 


some analogy to the coagulation of animal albumen. » 


‘The METALLIC ACETATES haye been, for the most part, 


already described in. the history of the individual. metals. 
To our knowledge of this class of salts, some valuable ad- 
ditions have ialety been made by a memoir of Mr. Che- 
nevix +. By distilling per se the differ ent metallic acetates 
that excellent chemist found that the salts with bases of lead, 
zinc, and manganese, yield a liquid lighter considerably than 
water, but heavier than alcohol, fey containing only a very 
smal] proportion of acid. This degree of levity is owing to 
be ESE LAGE i aA Se REAR Sa NT Re ne 8 
* 74 Ann, de Chim. 98. | 
7 Annales de Chimie, Ixix; or Nicholson’s Journal, XXVr 
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the presence of the peculiar fluid, which Derosne has termed 
pyro-acetic ether, but to which Mr. Chenevix is of opinion, 
the less’ definite name of pyro-acetic spirit will be better 
adapted, till we obtain a more accurate knowledge of its 
nature and properties. | 

Of all the metallic acetates, that of silver gave a product 
of the greatest specific gravity, and of greatest power in 
neutralizing alkalis. In this respect, it exceeded, by about 
one fifth, an equal weight of the acid distilled from copper. 
It contained, however, none of the pyro-acetic spirit dis- 
covered in the acid from copper. The residuum in the retort 
contained, in every case, a proportion of charcoal. When 
the acetates of silver, nickel, copper, or lead were distilled, 
the metal was found in a metallic state ;, but zinc and man- 
ganese were left in the state of oxides. | 

The pyro-acetic spirit, obtained from the acetate of lead, 
Mr. Chenevix describes as perfectly limpid and colourless. 
At has a taste, which at first is sharp and burning, but after- 
wards becomes cool and somewhat resinous. Its smell re- 
sembles that of volatile oils, but it is not easy to say of which 
particular one. Its specific gravity, when rectified by mu- 
_ riate of lime, is 0.864. It is very combustible, and leaves 
- no-sensible residue. Its boiling point. is 138°. Fahrenheit. 
It is miscible in all proportions, with water, with alcohol, 
_and with all the volatile oils, and, at a temperature consider- 
ably below its. boiling point, with the fixed oils. When 
heated it dissolves sulphur ‘and wax. 


CHAPTER XXII. 
ANIMAL SUBSTANCES. 


THE ‘hg of vegetable and of animal life, cig they 
agree frequently in external characters, and even in some 
of their chemical relations, present several circumstances of 
distinction, which, in general, sufficiently discriminate the 
two classes. Animal substances are the results of still more 
delicate processes, and of a more refined organization ; and 
-the balance of affinities, by which they exist, is disturbed by 
still slighter causes. ‘To the three great components of ve- 
getable matter (oxygen, hydrogen, and carbon) a fourth is, 
in animal substances, added, and constitutes a large propor- 
tion of their structure. ‘To the nitrogen, which they, con- 
tain, are owing some of the most important qualities, that dis- 
tinguish this aes of compounds. Hence it is, that instead of 
_ passing through the vinous or acetous fermentations, they are 
peculiarly prone to undergo putrefaction; and that, during 
this change, they yield, among other products, both nitro- 
gen gas and ammonia. When exposed to a high tempera- 
ture, ammonia is, also,’ generated, in great abundance, by 
‘their decomposition; littleor no acetic acid is produced ; 
and the coal, which remains, differs from vegetable charcoal, 
in being much less combustible. This general description, 
however, though it applies to most individuals of the animal 
kingdom, is not strictly true with respect to all. Animal 


- 


jelly, for example, is rendered sour by spontaneous decom- : 


position. A few vegetable substances, it may also be added, 


gluten for instance, become at once putrid; and furnish — 


ammonia when decomposed by heat. 

In the analysis of animal substances, less precision had till 
lately been attained, than in that of mineral and vegetable 
products. It may be considered as of two different kinds. 
By the first we obtain the proximate principles of animal 

| 4 | } 
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matter, or certain compounds which, we may presume, are 


separated by the simple processes used for their extraction, 


in a state identical with that, in which they exist in the animal 
structure. Thus by the long continued action of hot water 
on bones, we form a solution, which separates spontaneously 
into two distinct substances, fat’and gelatine; while the 
earthy ingredients remain undissolved. The substances, 
thus obtained, are not very numerous; and to distinguish 
them from more complicated products they may be called 
primary animal compounds. But, by spontaneous decom- 
position, or by the agency of heat, we give origin to a set of 
bodies which had no existence in the subject of experiment, 
the wliimate elements of which are thus disunited, and are 
re-combined in a new manner. Bones, for example, though 
they contain no volatile alkali, are yet composed, in part, 

of its elements (nitrogen and hydrogen), which, at a high 
temperature, unite and generate ammonia. 

The method of analysis, so successfully applied, by Gay 
Lussac and ‘Thenard, to the products of the vegetable king- 
dom, has been extended, also, to animal substances; and, in 
the history of each, the proportion of its ultimate elements 


will be stated, chiefly on their authority. Animal substances, 
they observe, contain much more carbon than those derived 


from the vegetable world; in all of them, the hydrogen is 


in excess with relation to their oxygen; and lastly, the 
greater this excess, the more azote they contain. It is re- 
markable, moreover, that this azote, and the excess of 
hydrogen, are very nearly in the proportions i to 
constitute ammonia. 

Animal matters, then, such as fibrin, albumen, gelatine, 


‘&c., are composed of charcoal; of hydrogen and oxygen, in 


the proportions required to form water; and of hydrogen 
and azote, in the proportions necessary to constitute am- 
monia. They hold, therefore, among animal matters, the 


‘same rank that sugar, gum, lignin, &c., possess among vege- 
table substances. The animal acids, again, consist, probably, 


of carbon, oxygen, hydrogen, and azote, in such propor- 
tions, that the oxygen and azote are in excess relatively'to 


B84 ANIMAL SUBSTANCES. CHAP, XXII, 


the hydrogen. And the animal oils, on the other hand, 
will in all probability be shown to contain more hydrogen, 
than is sufficient to convert their oxygen into water, and 
their azote into ammonia. ‘Thus animal substances will be 
divided, like vegetable ones, into three great classes, rela- 
tively to the quantities of hy drogen, oxygen, ane Aiote 
which they contain. iota 

The primary animal compounds are not very numerous} 
the following list comprehending, perhaps, the whole: of 
those which are sufficiently well chapeitenights 


% 


Gelatine. : & Behiels 


Ly 

2. Albumen. 7. Sugar. 

3. Mucus. 8. Oil. ~ 
4, Fibrin, | | 9. Avoids, 3s 
5. Urea. ; 


SECTION L 


righ Jelly, or Cuesta diss 


ANIMAL jelly is an abundant ingr redient not only of the 
fluids of the body, but of the hard a solid parts. Berze- 
lins, indeed, in his View of Animal Chemistry, p. 50, con- . 
siders gelatine as a. product of the operation of boiling ; and 
denies its existence in any one fluid .of the body. This 
opinion, however, requires further evidence in its favour. 
By long continued boiling it may be extracted, from the — 
skin, Sap Sapa ean. cartilages, and even from the 
bones. The solution, on cooling, forms a tremulent and im- 
perfectly cohering mass, well known by the name of jelly ; 
and, if the watery part of this mass be dissipated by a very 
gentle heat, we obtain a hard semi-transparent substance, 
mes breaks with a glassy fracture, and, according to the 
source’ from which it has been obtained, has the names of 
-isinglass, glue, portable soup, &c.; all of which are varieties 


_ of animal gelatine. Isinglass, however, as the purest form 
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under which gelatine commonly occurs, will be best em- 

_ ployed for the exhibition of its chemical properties. 

1. Dry gelatine, when immersed in water, gradually abe 
sorbs it, swells considerably, and becomes soft and ‘elastic. 
At common temperatures, however, it is not dissolved ; all 

that is thus effected being the absorption of a quantity of 

water, which it loses again by a gentle heat. But in hot 

_ water it dissolves slowly, yet completely ; and affords a liquid 

which again gelatinates on cooling. ‘These alternate solu- 

tions and desiccations may be repeated for any number of 

times, without occasioning any change in the chemical pro- 
perties of the gelatine, which is submitted to them. 

The proportion, in which gelatine forms a solution 

_ capable of concreting by cooling, has been determined by 
_ Dr. Bostock *. One part of dry gelatine to 100 parts of 
water gave a solution, that completely stiffened by cooling; 

but one part of gelatine to 150 parts of water produced’ a 

compound, which, though evidently gelatinous, did not 

assume the concrete felines . 

+ 2, Gelatine in a solid state seems to be absolutely in- 

_ destructible when kept in a dry: place; but, when in the 

_ form of solution or of jelly, it is generally said to become first 

_ sour, and afterwards putrid. The production of acid, how- 

ever, Dr. Bostock informs me, he is disposed to question. 

3. Gelatine is insoluble in alcohol, but it is not pre- 
cipitated, by that fluid, from its watery solution. 

4. It readily dissolves in most of the acids, Isinglass, 
dissolved in common vinegar by the assistance of a gentle 
heat, forms a very useful and adhesive cement. Nitric 
acid, even when cold and very dilute, is a powerful solvent 
of gelatine. When the solution is evaporated, the acid and 
pbladin re-act upon each other; nitrous gas is disengaged ; 
and, if the concentration be not carried too far, oxalic and 
_malic acids are cbtained from the residuum. Muriatic acid 

dissolves gelatine, and retains it unchanged in solution. If 
oxymuriatic acid be passed through a solution of gelatine, 


¥ -* Nicholson’s Journal, xi. and xiv, 
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white filaments appear, which, when collected, are found to 
be very flexible and elastic. ‘They consist of gelatine, very 
little altered, and united with muriatic acid and oxymuriatic 
acid. ‘They are insipid ;, insoluble in water and in alcohol; 


not putrescible; and exert a feeble action on blue vegetable. 
colours, although they contain a large proportion of acid.; 


Exposed to the air during some days, they emit oxymuriatic 
acid at common temperatures; and still more abundantly 


when heated. Jn alkaline solutions they disappear, and. 


« 


muriatic salts are formed *. 


_ 5. Gelatine is soluble in pure liquid alkalis. The solution 


is a brownish. viscid, substance, which has none of the 
characters of soap +, and is not precipitated by acids. This 


is a property which distinguishes gelatine from albumen, - 


fibrin, and other animal Peake 2 0) Aha’ which points out a 
method of separating it from them in analysis. Owing to 
the solvent power of alkalis, they do not occasion any pre- 


cipitation in acid solutions of gelatine; but when added in, 


excess, dissolve it. 
6. Several of the metallic salts and suid have the pro- 
perty of precipitating gelatine; but not so unequivocally, 


as to be good tests of its presence. Goulard’s extract of teadit 
(prepared by boiling litharge in distilled vinegar) effects no — 


change in a eoltlous of elisha hl ‘The same may be said of “a 


corrosive muriate of mercury. Nitrate of silver and nitro- 
muriate of tin produce a slight, and almost imperceptible, 
opacity. ‘The addition of nitro-muriate of gold causes-a 


small quantity of a-dense precipitate, from a solution con- . 


taining =!,th of gelatine, but not from more dilute solutions. . 


7. One of the most active precipitants of jelly is tan; and 


Dr. Bostock finds the extract of rhatania, digested in hot ; 
water, and filtered after it becomes cold, to be a convenient . 


form for keeping that test. When the proportion of gelatine 
to water is so small, 'as to compose only ~3,,th part of the 


solution, a considerable precipitate is produced by an in- 


* 'Thenard, Mémoires d’Arcueil, ii. 
+ Hatchett, Philosophical Transactions, 1800, 
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fusion of galls (prepared. by macerating an ounce of galls in 
a pint of water). ‘The stronger the solution of jelly, the 


‘ more copious is the precipitate; till at length, when the 


- 


gelatine i is in large proportion, a dense caneuban 3 is formed,, 
which, after being dried in the open. air, becomes a hard: 
substance with a vitreous fracture. ‘This compound appears 
to be equally formed, when animal solids, composed chiefly 
of gelatine, are immersed in solutions of tan; as when the 
skins of animals, for instance, are steeped in an infusion of 
oak bark. It is perfectly insoluble in water, and incapable 
of putrefying; and it constitutes the preservative part of 
tanned leather, to which it imparts the property of resisting 
the transmission of moisture. The operation of tanning, 


_ then, consists essentially in the attraction of tan, from liquors 
which contain it, by the gelatine of the skins. 


It would have been an important step ‘towards the ac=' 


curacy of the analysis of animal substances, if we could have 


ascertained the quantity of gelatine in any fluid, by pre- 
cipitating it with tan. But to this there are two obstacles. 
Tan acts, also, on other animal fluids; upon albumen for 


instance. It appears, also, that into the precipitate of tan 
and jelly, these substances do not enter in absolutely fixed 


“proportions. In general, however, Dr. Bostock has been 


ot 2 


ea oe 


led to conclude that the compound, formed by the union of 
- jelly and tan, consists of somewhat less than two parts of 


tan to three of gelatine. And as we always have it in ow’ 
power to ascertain what quantity of tan is employed in pre- 
cipitating any solution of jelly, we may, by an easy calcu- 
lation, approximate the buanity of jelly, contained in the 
fluid we are examining. _ 

8. Gelatine has been analyzed by Gay Lussac and 
Thenard, who employed the oxymuriate of potash for its 
‘decomposition, One hundred parts were found to contain — 
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In this analysis, there are 4.204 parts of hydrogen, ve 
side what is sufficient to saturaté the oxygen. y Sena 

* We are not acquainted’ with those circumstances, ‘that 
occasion the differences in the several kinds of aniinal gela- 


tine, Some valuable remarks on them may be found in - 


Mr. Hatchett’s “* Observations on 1 the component Parts of 
Ariel Membrane sf ale 


SECTION I, 


mini vi Albumen. 


" Wirn the exception of gelatine, no fluid appears to enter 
s0, largely into the composition. of animal substances, as 
albumen. It forms a large proportion of the blood and of 
‘various secretions; and appears to be the chief basis of 
several of the solids; v2. of the thin membr ane which, con- 
stitutes. the cellular texture, as well as of the skin, sends, 
and vessels that, convey the fluids. 

The white of an ego, though not inthe = hanes: 
_ pure albumen, contains it sufficiently so, for the exhibition 
of si properties. These will be found to be the followi ring : 

. By agitation with water, the two fluids. unite, and 
‘a a mh liquid, the component parts of which do not 
separate by standing. This solution gives a green tinge to 
vegetable blue eplours: a proof of the pr esence of un- 
f ia alkali. 7 

2. At the temper ature of 160° Fahr a ‘ondilaied: 
albumen becomes solid, a change which is called its co- 
agulation. When the solid mass is cut into ‘slices, and 
suffered to remain for some hours, a few drops ofa brownish - 
viscid fluid ooze out, amounting to about 44. grains from 
100 of the original albumen submitted to experiment. By 
a long continued gentle heat, the coagulated substance it- 
- self loses at least four fifths of its weight; and the solid 


‘ 2745 5 


* Philosophical Transactions, 1800. - 
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matter is left behind, in)the form of 4 hard brittle trans- 
_ parent substance. Hence it will follow, that 100 grains of 

_ the white of egg consist of 80 grains of water, 44 uncoagu- 
lable matter, and only 151 of pure albumen. At a tem- 
peraturé below that required for its coagulation, Dr. Bostock 
finds that it may be dried, and redissolved in water *. 

Coagulation by heat is the distinguishing character of 
albumen, and affords an easy and obvious test of its pre- 
sence; even when it forms a. very minute proportion of certain 
fluids. By adding it, in gradually diminished quantity, 
to water, Dr. Bostock found that a solution, containing 
only +355 its weight of albumen, was rendered perceptibly 
opake by'a boiling temperature. For all practical purposes, 
therefore, this may, be considered as a sufficiently accurate 
test of its presence in any fluid. 

The uncoagulated part of the white of egg, Dr. Bostook 
ascertained, was not affected by. muriate of mercury, or:by 
infusion of galls; but was copiously precipitated by Gou- 
lard’s extract of lead. ‘He considers it.as a peculiar fluid 
to which he has given the name of mucus... Dr. Marcet, who 
finds it to be an ingredient of several morbid aude has 
proposed to call it muco-extractive matiert. — 

Albumen, which has been, coagulated by het though 
perfectly insoluble in water, unless by long boiling aided by, 
a Papin’s digester, appears to have undergone no change in 
its chemical constitution. During coagulation, there is no 
absorption of oxygen;, no. gas is extricated; and hence 
there appears to:be no ,re-action of the principles of the 
compound on each other.’ The coagulum is taken up by. 
- dilute liquid. alkalis with a ‘disengagement of ammonia. 
From this combination’,it is precipitated, unchanged, ‘by. 
acids }. », By, long; boiling in. water, ,however, though, no 
apparent, aclnisan, takes place; |Mr. Brande Se tach, from 

coagulated albumen, .a fluid: which had.alkaline properties; 
and.which gaye, after,evaporation, a viscid substance soluble 


\ 


) \" ""* Medico-Chir. Trans. ii. 169. + Ditto, $77. 
tt Thenard, Annales de Chimie, lavii. 321, . 
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in water. This fluid he apprehends to be: ea solution 
of albumen in alkali#, 0 4 (ftedoa Inigiag 

3. Albumen is coagulated by aleohol, Ae by acids, ‘The 
coagulum, formed by the latter,’ always retains in’ combina- 
tion, according to Thenard, a portion of the'acid which has 
been employed. That produced by nitric acid is least 
soluble; and hence nitric acid occasions 4 precipitate from 
solutions \of albumen,’ which are so’ dilute ‘as not’ to ‘be 
affected by other acids. ‘The coagulim, produced by ‘acids, 
is. re-digsolved by purée alkalis, even, as Thenard finds, by 
ammonia, which does ‘not dissolve albuirien that has stg 
pip abi by heat! cow digiindls iy Sings 

Alum; probably in: conseqtience: of its pitted of acids €0- 
acetates albumen ; but does not act’ on’ very dilute solutions: 
One part in 500 of water is rendered ‘slightly turbid by a 
solution of alum; but-no precipitate is formed. 

<4. Albumen i is coagulated ‘by several of the vncaltte salts: 
Solution of corrosive muriate of ‘mereuty, ‘which has no 
éffeet on gelatine or: mucus, isa delicate test of the presence 
of albumen. A ‘single drop-of the solution, added to a liquor 
containing 4) its weight of albumen, renders it visibly 
milky; and, at the end of some hours, 'a flocculent pres 
cipitate falls to:the bottom of the-vessel.. The same:re-agent 
produces a seisibhe' effect: on ‘a wie Lqaciaiac ve halt 
that quantity, or 5,44 of albumeni” (49 | 

o Solution of ‘corrosive sublimate,- idee ele not dopeii 
rate the whole of the albumen, unless. heat is employed. 
The precipitate is a.compound of the metallic’ salt with‘ al- 
bumen, in the proportion of about one of the former’ to 
three or four of thé-latter. . From the quantity of corrosive 
sublimate, therefore, required: to decompose entirely #'so- 
lution ‘of albtimen, we may infer the quantity of the latter; 
for three grains of the metallic salt,’ being ah ie sae 
posed, indicate To grains of albumen. - 

 Nitvo-muriate of tin precipitates albumen, but peadeively 
than the foreman salt.” ot ter holding <3 550 - of albumen,” 
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was not altered by this test, till. after some hours, when it — 
became milky. Nitrate of silver occasions a precipitate’; 
but the effect is equivocal, from its precipitating, also, the — 
muriate of soda. Nitro-muriate of gold throws: down a 

__ dense precipitate from a solution containing --3,,of albumen. 

Goulard’s. extract occasions an’aburidant dense coagulum. 

| &. Solutions of albumen dre decomposed by the ‘addition 

of tan. ‘When an infusion! of galls, containing 21 parts of 
solid extract in 100, is added:toia liquor, of which albumen 

forms only --;,> part, ‘no'immediate effect is apparent ;- but, 

after some time, a precipitateensues. If infusion of tan be 

poured. into ia concentrated solution. of albumen, the’ pre- 

cipitate’ has. the consistence yof piteh 5 is not*suscéptible of 
putrefaction; and, when dry, is brittle like over-tanned 

leather. ‘The precipitate by tan’ from diluted albumen, 

Dr: Bostock observes} is incoherent, subsides very slowly, 

and can scarcely be ‘separated by a filtre; whereas the pre- 

cipitate from solution of jelly of the same strength is a hard 

dense substance, which almost immediately separates from 

the fluid, and may be collected in a distinct mass. ~ 

6. Albumen, in whatever way it has been anal : 
hppears tobe slow in undergoing putrefaction. Mr. Hatchett 
kept it for some weeks under water, without any tendency 
to that state. According to Scheele, a small portion of co- 
-agulated albumen is soluble in dilute acids, and pr ecipitable 
by the same acids when concentrated.» ‘By steeping albumen, 
for a month, in dilute nitric acid, Mr. Hatchett converted 
it into a substance, which was soluble in water, and affected 
chemical tests like gelatine. 

7. Albumen contains a portion: ‘of anu in intimate 
combination, which gives it the property of blackening 
silver. This effect is often observed to be produced by eggs 
on spoons of that metal; and blood, evaporated in silver 
vessels, stains them with sulphuret of silver. 

“Many theories have been formed of the cause of the co- 
agulation of albumen; bit the first probable conjecture on 
the subject appears to, have originated with Dr. Thomson *. 


* System of Chemistry, v. 489, 
C2 


292 ANIMAL SUBSTANCES. © CHAP, XXtfe 


The fluidity of albumen he supposed to depend on the pre- 
sence of alkaline matter, and its coagulation on the removal 
of the alkali, or its saturation with some other substanee. 
This suggestion has been confirmed by some well devised 
experiments of Mr. Brande *. ‘When the white of an egg 
was exposed to the action ofa galvanic battery, a rapid and 
abundant coagulation took place round the negative pole, 
while a thin film only collected at the positive wire. This 
more copious precipitation at the negative pole appears to 
have been owing to the separation of alkali; and as it 
required, in order to produce the effect, a comparatively 
high electrical power, it should follow that. the rapid ab- 
straction of alkali is necessary to the periees coagulation of 
albumen. 

White of egg, then, is a compound of sihamieh with alkali 
and water. When heat is applied, the alkali is transferred 
to the water, and the albumen becomes insoluble. The | 
alkaline liquor, which is thus produced, re-acts upon and 
dissolves a small quantity of coagulated albumen. When 
alcohol or acids are the coagulating Powers, the effect 1 is 
owing to a like transfer of alkali, 6 | 

When the uncoagulable part of white of egewas a» ried 
to a strong galvanic: power, uncombined soda was found in 
the negative cup; and muriatic acid with’a little coagulated 
ee aie in the positive one. » Hence fluid albumen con- 
tains both free soda and muriate of ‘sodas In the. experi- 
ments of Mr. Hatchett; 500 grains of dry albumen afforded 
74.1. of coal, of which 114. were saline matter, composed, 
besides the salts that have odaik mentioned,’ of phosphate of 
lime ‘and of phosphate and carbonate of soda, ¢§ 

From the researches of Mr. Brande it appears that gal- 
vanism may be applied to the discovery of very minute 
quantities of albumen, which are ‘not rendered sensible by 
any other test. In this way, he produced a rapid coagula- 
tion, at the negative pole, in several animal fluids, in witich 
albumen had not been supposed to exist. -It has been 
ascertained, also, by Sir E. Home, that albumen is coagu- 
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lated by galvanic arrangenients of too law a power to affect 
even the most delicate electrometer; and hence he has 
proposed albuminous fluids as tests of the presence of small 
quantities of electricity *. 

Albumen was found by Gay Lussac and Thenard, to 
consist of 


Carbon .....eee8ee+ 52,883 
Oxygen. os ij)s've one's 123.872 
“Hydrogen... ..0.+2+5 7.540 
e's sag soaiahalet dalle sai 15.705 


_ 100 
"Beside, therefbtey the hydrogen required to saturate the 
oxygen, there are 4.285 parts in excess. iy. 
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Mucus. 


Tue term mucus had been employed in a vague and 
general sense, until Mr. Hatchett, in his valuable paper on 
the component parts of animal membrane +, attempted to 
assign to it a more definite meaning. Jelly and mucus he 
considers a$ modifications of the same substance, and as not 
essentially differing from each other. The latter term he 
‘restricts to that animal substance, which is soluble in cold 
water, and which cannot be brought to assume the gelatinous 
state. Dr. Bostock, however, has endeavoured to prove that 
mucus is a distinct fluid, characterized by a train of pro- 
perties, which are entirely different from those of animal 
-gelatine +. Fourcroy and Vauquelin have admitted, also, 
its claim to be considered as a peculiar compound §. They 
apply the term, in an enlarged sense, to the viscid liquor, 
which lubricates the mouth, the cesophagus, the stomach, 


_ * Philosophical Transactions, 1809. + Ditto, 1800. 
_t Nicholson’s Journal, xi. and xiv. § Annales de Chimie, Ixvii. 
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the intestines, and, in general, all the cavities and passages 
of the body. , It differs, they.suppose, from vegetable gum, 
in nothing but i in containing)a proportion of nitrogen. In 
the descriptions of its characters, however, they are much 
less precise than either of the English chemists. - Berzelius, 
on the other hand, seems scarcely to admit any fluid entitled 
to the general name of MUCUS. $ and finds that its chemical 
characters vary in different parts of the body, according to 
the ae whieh’) it is ‘intended to siveed in the animal 
economy *. , 

The substance on which Dr. Bostock’s 8 experiments were 
made, was the saliva of the mouth, dissolved in water by 
agitation. No appearance of coagulation was pr oduced by 
faising the temperaturé of this lie uid to 212°, nor, when 
the liquid was evaporated, and suffered to cool, did it show 
“any tendency to gelatinate. | 

No distinct effect was pr oduced on the solution of mucus, 
by adding nitro-muriate of tin, muriate of mercury, or infu- 
sion of uae Goulard’s extract occasioned an immediate 
opacity, and, after some tittie, a “flaky precipitate. Hence 
the effects, produced: by the tanning principle and by 
Goulard’ s extract, establish a decided. and essential differ- ) 
ence between mucus and. gelatine. Tan ij is a, most delicate 7 
test of gelatine; but does not, in any degree, affect. mucus, 
Goulard, again, is a sensible test of mucusy) but not of jelly. 
Corrosive muriate of mercury, on, the contrary, which dis- 
covers very small propor tions of albamnethst is not affected by 
either jelly or mucus. , 

Hitherto, how every Dr. git Tati not. phi able to 
devise a method of determining, exactly, | the proportion « of 
mucus in any compound fluid... One great obstacle to all 
attempts of this kind i is, that mucus, beside animal matter, 
appears. alway s to contain common. salt, which acts upon t the 
tests; so that it is impossible to say, how. much of the. effect 
is owing to each of these separate causes. The precipitates, 
| thrown down from mucus by acetate of lead and nitrate of 
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silver, Mr. Brande has found to consist both of the muriates 
and phosphates of those metals. From 1000 grains of saliva, 
he obtained by evaporation 120 grains of dry residuum, of 


’ . which twenty grains were saline matter. The proportion of 


salts, in the mucus of the trachea, was even still greater. 
This variety of mucus, was not coagulated either by sie 
by. alcohol, or by acids. -. 

In order. to obtain. mucus free from. neutral salts it oc- 
aaa to Mr. Brande to attempt their decomposition by 
electricity. With this view, a mixture of saliva and water 


was placed in a vessel intermediate between two others, 
»which contained water only (see i, fig, 82), and which were 
sconnected, the one with the positive, the other,with the 


negative, extremity of a galvanic apparatus.. Fibres of 


~cotton connected the central.yessel with the two others, In 


about ten minutes, a considerable quantity of white coagulum 
‘was, formed upon the cotton on the negative side; but none 
on the positive. Thus albumen appears to be a constitnent 
part) of saliva, though not, discoverable by the usual tests. 
A separation of alkali took place.on the negative side; and 


vhence Mr. Brande is. disposed to consider mucus as a com- 


“ 


pound. of albumen and muriate of soda, or of albumen and 
pure sodas. The whole of this subject, however, is still ob- 
secure; and requires to be illustrated by farther experiments. 
| When-mucus is evaporated. to,dryness by a gentle heat, 
no material change is produced in it, The result is a semi- 
transparent. substance resembling gum, and, like it, soluble 
again in cold water... Neither alcohol nor ether dissolve it. 
By. destructive distillation, it. yields only the common 
elements of animal matter. 
~ Mucus, as appears from Dr. Marcet’s experiments, beside 
forming an ingredient of several healthy secretions, exists in 
some. morbid fluids, particularly i in that efliaged in all the 
5 agg bs oud odie vitaeoad we i 
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SECTION od Vocus uns otgdgaeabeal 
Fibrin, or Animal Gluten. 


Fir IBRIN forms the baad of the muscular or “fleshy ‘ttl of 
animals, and remains, combined with albumen, when all the - 
‘soluble parts have been washed away by water. It may also -« 
be obtained from blood, by laying the coagulum on a linen 
strainer, and pouring water, ope it, till a wigan fibrous it 
matter alone remains. 

For the purpose of submitting fibrin to a series of expe- 
riments, Mr. Hatchett obtained it by digesting shreds of 
lean beef, during 15 days, in water, which was changed — 
daily, the temperature being such as not to excite putrefac- 
tion. The shreds of the muscle were’ then boiled for five 
hours every day, during three weeks, changing the water at 
each boiling; and, finally, the residue was put into a ve waned 
and dried by the heat of a water bath.- 

The following history of the chemical dicwpestiba of fibrin 
is derived chiefly from a memoir of Berzelius. 

1, Fibrin is insoluble in cold water; but water, after being 
boiled upon it for some hours, is found to have acquired’a 
milky hue, and, on the addition of infusion of tan, affords Bh - 
precipitate of white and distinct flocculi, which donot cohere — 
like those produced by gelatine. ‘The liquid; obtained by 
boiling fibrin, does not gelatinate, to whatever degreéi itmay —— 
be concentrated,- but gives a white, dry, hard, and friable» 
residue, which is soluble’in ‘cold water. ‘By long boiling in 
water, fibrin loses its peaperty of sweat tsi digsoluing: 3 in 
acetic acid. | pire feoaleeaged 

2. Alcohol, of the ery gravity 810, converts fibrin into 
a Kind of adipocirous matter, which is soluble:im valcohol, 
and is precipitated by the addition of :water:. |) When-alco~ 
hol, which has been digested on fibrin, is evaporated, afatty: 
residue is left, which did not pre-exist in the fibrin, By the 
action of ether, fibrin is converted into an adipocire, wma 
to the preceding, but in much greater chibi and diss ~) 
tinguished by a much more disagreeable: odoumgrinces yy 


~ 
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3. Inconcentrated acetic acid, fibrin immediately becomes 
soft, transparent, and, with the assistance of heat, is con- 
verted into a tremulous jelly. By the addition of warm wa- 
ter, this jelly is completely dissolved, with the evolution of a 
small quantity of azotic gas. The solution is colourless, and 
of a mawkish and slightly acid taste. By sufficient evapo- 
ration, the gelatinous substance is reproduced, which, when ~ 
completely desiccated, is a transparent mass, insoluble in 
water without the addition of fresh acetic acid. ‘The solution 
gives a white precipitate with ferro-prussiate of potash, and 
with pure alkali; but a slight excess of alkali re-dissolves it. 
Sulphuric, nitric, and muriatic acids also occasion a preci- 
pitate, which consists of fibrin and the acid that has been 
employed. When laid on a filtre and washed, a certain 
quantity of this acid is carried off by the water, and om re- 
maining substance is soluble in pure water. 

4. In weak muriatic acid, fibrin shrinks, and gives out a 
little azotic gas, but scarcely any portion is dissolved, even 
by boiling. Concentrated muriatic acid, when boiled on 
fibrin, decomposes it, and preduces a red or violet coloured 
solution. Fibrin, that has been digested with weak muri- 
atic. acid, is hard and shrivelled.. By repeatedly washing » 
with water, it is at length converted into a gelatinous mass, 
which: is perfectly soluble in tepid water. The solution 

-yeddens litmus paper, and ay: a Pre a with acids, as 
well as with alkalis. 

5. Concentrated sulphuric acid decomposes and carbonizes 
fibrin, The’same acid, diluted with six times its weight of 
_ water, and digested with fibrin, acquires a red colour, but | 
dissolves scarcély any thing. ‘The undissolved portion is a_ 
compound of fibrin with an excess of sulphuric acid; and 
when this excess is removed by water, a neutral combination | 
is obtained, which is soluble in water, and possesses the same 
characters, as the neutral compound of fibrin and muriatic 
acid. « : | 
6. Nitric acid of the specific gravity 1.25 disengages at 
first azotic gas from fibrin, pure and unmixed with nitrous 
gas. By continuing’ the digestion 24 hours, the fibrin is 
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converted into.a pulverulent mass,, of'a pale citron colour, 
_ which when’ placed on a filtre and washed with a large quan- 
tity of water, becomes of|a, deep orange colour.,. This yellow 
substance was discovered. by, Fourer roy and. ‘Vanquelin, who 
obtained. it by treating. muscular flesh, with nitric, acid, and 
who gave it the name of yellow acid. | Berzclius: has ascer- 
tained that, it is a combination of nitric: and. malic acids 
with fibrin, which is insome degree altered. by, the process. 
7. In caustic fixed alkali, fibrin increases in bulk, and, at 
length, is completely dissolved. ‘The solution is yellow with 
a shade ofigreen; and is decomposed by acids, but the pre- 
cipitated fibrin ‘seems to have undergone some change, for 
it is not, as before, soluble in acetic acid... The compound 
of fibrin and alkali has not any,analogy with ORB. which 
Fourcroy asserts that it resembles. 
8. Fibrin has been analyzed by May Lussac and Thea | 
win found to consist of , \ 
ad haee 
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a thick syrup. In this state it concretes, on cooling, i nto-a 
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its weight of /aleohiol, and apply a gentle heat, which will 
effect, the solution of the greater portion. Decant the alco- 
holic,solution; and distil it by a water ‘bath, till it acquires 
the consistence of.syrup, which is‘to be poured out of the 
retort. On cooling, . forms a Apes nm which 
isthe urea’. 

dL. 1..Urea. has, a rane of sk Nia plates, crossing 
pe other.in various directions, It ‘has a’ yellowish white 
colour’; a ‘smell. somewhat like that of garlic; is viscid, .and 
difficult to cut; and has an acrid strong taste. It deliquiates, 
when exposed’ to the air, into a thick brown liquid. | Itis 
extremely soluble in water, and absorbs caloric during so- 
Jution. Alcohol, dissolves it readily, but in less eal SisOn 
than water; and the alcoholic solution yields crystals more 
readily than the watery one. Berzelius, by processes which 
he has not described, obtained. urea quite’ free from colour, 
and; forming distinct. prismatic crystals like nitre*, Even 
in this state, he observes, it is still obstinately combined with 
lactic acid, lactate of ammonia, and the peculiar animal 
matter, which always accompanies the lactates, It is. this 
animal matter, which gives the urine its colour. 

2. The concentrated. solution of urea in water yields, on 
the ‘addition of nitric ‘acid, a copious precipitate of bright 
_ pearl-coloured crystals, resembling the boracic acid. No 
other, acid produces this singular effect. | 

3., The'concentrated solution of urea, in water, is "haat . 
but becomes: yellow, whe argely diluted. Infusion of 
galls gives it a yellowish brown colour, but causes no preci- 
pitate ;- nor.is it precipitated by infusion of tan. | 

4, When heat is applied to urea, it melts, swells, and: eva- 
porates; with’ an insufferably fetid smell. By distillation, it 
yields above two. thirds its weight. of carbonate of ammonia; 
about one fourth of benzoic acid; besides carburetted hydro- 
gen,and a pba geo vi chao — muriates of 
soda and ammonia, | 
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decomposed; but much more rapidly, if a little gelatine be 
added. Ammonia and acetic acid are the products of its 
decomposition. If the solution, instead of being left to pu- 
trefy, be kept in a boiling temperature, and fresh water be 
added as the evaporation goes on, the urea is at length 
wholly decomposed. The condensed vapour is found to 
contain carbonate of ammonia; acetic acid is formed; and 
a portion of charcoal remains in the fluid contents of the re- 
tort. It has been ascertained, by those who distil the vola- 
tile alkali from urine, in manufacturing processes, that an 
equal quantity of ammonia is green whether ‘the’ urine 
oe undergone putrefaction or not. © 6 
«6. When a mixture of urea, ariel one foarte itd weight of 
diluted sulphuric acid is distilled, a quantity of ‘oil appears 
on the surface, which concretes by cooling ; acetic acid passes 
ever-into the receiver; and sulphate of ammonia remains in 
the retort. The repetition of this process converts the whole 
“1 a portion of urea into ammonia and acetic acid.* 

\4¥, Nitric acid acts rapidly on urea; nitrous, ini and 
euboatd acid gases, are disengaged; and prussic acid and 
ammonia are generated, ‘The residuum, when dried and 
ignited, detonates like nitrate of ammonia. 

8. Muriatic acid dissolves urea without alteration. When 
a steam of oxymuriatic acid gas is ‘passed through a solution 
of urea, the gas is rapidly absorbed ; and white flakes are 
formed, hich soon assume a brown colour. After the so- 
lution has become saturated with gas, the effervescence still 
continues; and carbonic acid and nitrogen gases are evolved. 
The residuary liquid contains both carbonate and muriate 
of ammonia. 

9. Urea is soluble in alkaline solutions; and, at the same 
time, undergoes : a partial decomposition... A strong smell of 
ammonia arises, probably from the action of the potash on 
the muriate of ammonia which i is contained i in urea, When 
solid potash, however, is triturated with urea, the disengage- 
ment of ammonia is too great to be explained i in this, way; 
and can only be accounted for, by supposing t the volatile al- 
kali to be formed. by the union of its elements. A strong 
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solution of potash, heated with urea, produces a similar effect; 
a ‘large quantity of ammonia is generated: the residuum dis 
luted with water effervesces violently from the escape of car 
bonieacid gas; a flocculent precipitate is formed, which has’ 
the qualities of a concrete oil; and the liquor, “omer distilled, 

a both acetic and benzoic acids. 

10. Urea has the property of changing the form of the 
eepetals of muriate of soda; a solution of that salt, mixed 
with one of urea; affording, on evaporation, octohedral crys- 
tals.. Muriate of ammonia, on the contrary, which usually 
crystallizes in octohedrons, has the form of its crystals altered 
by similar treatment, to that of cubes. 

Of all 'the animal fluids, urea appears most readily to 
undergo decomposition both from spontaneous changes’ in 
the arrangement of its elements and from the action of other 
substances. . From a careful examination of the products of 
its distillation, Fourcroy and Vauquelin have given the fol- 
_ lowing as the proportions of its elements, which are to be 
_ considered, however, as no more than sy seeiomoct ine One 
aise deo consist of . een ! 

nee ie ee NP ; 

Nitrogen ......32.5) 
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SECTION VI. 


Animal Resins. 

_ Tue properties of animal resins have not been fully in- 
_ vestigated ; but, so far as they have hitherto been examined, 

they appear to differ a el from those of the vegetable 
kingdom. . 

_ <The RESIN oF BILE may be ebidined by the following 
process :—To 32 parts of recent ox bile, add one of con- 
centrated muriatic acid. When the mixture has stood some 
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hout’s, sti‘ain. ityin order to separate a white coagulated ‘sub- 
stance. Pour, the filtered. Jiquer;. which has’ a:fme gréen 
colour, into a glass yéss¢l,:ind: evaporaté by a géntle heat, 
At aicertain point of, concentration, a «green sediment falls 
down, which, after being separated:from the liquid: party, and 
washed, affords what has been: considered: as ‘resin. .<Berze- 
litis, jhowever, (as wilh be more: fully: stated i in the section on 
Ken denies that it-isa true resin. 6 9 03 (5 alee 
1. The resin of bile has: a dark! brown colours bub} if | 
spread, out, fine, ona white: gromdjs It se roth toe 
grass-gréen. tis intensely'bitterso) 9 si aoe! | 
2. At about 122° it- melts, and :in a Siglo bsabiidatns 
burns rapidlys: Itis soluble: both: in cold and! thot water, 
abd still more soluble in. roving ‘from which it is: in ‘aes 
psdeipitated by waters): use) Momogaeris ec 
, 83, With pure alkalis it sities al fortis a secigacesbih 
vibiichi has: been compared to — From: these it is’ hee | 
welts unchanged by acids. * ot ("iq ott es y cy 
»4 When srt oxygenized, by sae oxyhnticiatté- as | 
to bile, the resinous portion has its’ properties’ considerably 
altered; it acquires the colour and consistence of tallow ; 
melts at 104°; and:dissolves. in‘ateohol: and in hot water. i 
Besides this resin;’ there » ‘are’ ‘sévetal animal substances 
which possess similar’ qualities, ” “Such are the ear-Wax, am- 
bergris, castor, &c. ; ; for an ‘account of which the reader may | 
consult the fifth sabeictis of Thomson’ s Chemistry. 
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ree By Z 
Ue ea tors Sugar ‘ 


pote 


“ Suean enters pretty largely i into the composition of milk; | 
and i nto the, ur ine, when altered by. disease., | At nay | be 
akiatnee! from milk by the following process : iy ve 
I. Let whey be evaporated. to’ the consistence of honey, ‘s 
and allowed to-cool. It concretes into a solid mass, which is | 
to be dissolved i in water, clarified by white of BBS filtered, 
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and again evaporated to the consistence of syrup: “On cool- 
ing, a number of brilliant white pea are v9 ita which 
are the sugar of milk. i bur); tiodagsuls'D OS 
“1. Sugayof milk has'a’ Floctisle pastel and des ductile ‘ 
02! “Tt'vequires for solution, seven parts: of cold or Sear of 
boiling water; and is insoluble® it’ aleohol# In these’ pro- 
perties it differs ‘from comiion Sigar,-and’ also% Yés'relation 
- to-nitrie “ac eid, which i a alan stated) tihder the 


head. -of Saétholactic acid, % <! o hotesiqioarg POAT 
a a scel Ine - 
Ga Lussac and a hen rd ha ve a thin Aitto-be com: 
posed of is to moltevborw ods lo ssnatent +t cake aie Jt 
‘4 ; ui * des: ‘Carbon ee ae B49] a ne fi Ne 
fern >» Oxygen Been Feld Be 5 888M 1 ea Jig ¥u a) aha 
AL jdbpuncaoeleiy hey ee i eG! tS T3541) a herp é fi 
of] te 109 of yiHe ee ei. Ui Tayoo «itd, Joaf: 
f } rae: Pore a ees 5, | 100. ‘ 
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See Ge ere ee! 
“The oxygen ‘and prerae are'in' the ee gia ae 
sary to form water} ‘and the carbon is in’ excess, DORI, 4 back, 
Bs: When’ exposed | to héat, it melts and burns with the 
same appearances as common sugar, and with 4’ similar smell. 
Bt The’ urine of” diabetic ‘patients yields stigar’ on evapo= 
_ ration, which ‘approaches ‘more’ nearly’ in its characters to. 
those of vegetable sugar, but is generally said to be ineapable 
of crystallization.» By exposing the’ solution, however, for 
‘some time’ to the air, and’removing occasionally the ‘scum: 
which’ is-forrhéd; I have- obtained beautiful white vanes 
| Not wap wpe pie those of bao ee Oe ARO! 
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ANAL ‘oils differ from the i afoinbta oils, in Béingli ge- 
nerally solid at the temperature of the atmosphere, but are 
similar to ‘them in other: properties. Among animal oils, 


may be ranked butter, tallow; lard, suet; spermaceti, Shee. 


~ 
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I. SpeRMacET! bears some resemblance to wax, but 
digiors from it in other properties, It is more readily. fusi- 
ble, viz, at 112° Fahrenheit ; and is less soluble in boiling 
alcohal, of which. it requires 150 times its weight, It is 
copiously dissolved. by boiling .ether ; and the solution, on 
cooling, becomes a solid mass. '. Pure potash acts, on it more 
_ ¥emarkably than on wax; and the compound is quite solu-. 
ble. . A heated solution of ammonia affords a liquid, which 
is not precipitated by cooling, or by the addition of water 5 
but is decomposed by acids, | 

II. A singular instance of the production of Bid oil, 
from the lean or muscular part of animals, is presented by 
the conversion of muscle into. a substance resembling sper- 

maceti, and called by the.French chemists‘abipocire. To 
effect this conversion, it is only necessary to confine the — 
fleshy part of an animal in a box, with several holes in it, 
under the surface of a running stream. When thus con- 
fined, the change takes place spontaneously in the course of 
a few months. But it may be accomplished much, sooner, _ 
by digesting animal muscle i in strong nitric acid, and washing 3 
off the acid, by water, as soon as the change has ensued. 
The substance, thus obtained, may be bleached, bate SFROEHTE, 
to the oxymuriatic acid gas.., 

Adipocire has a light i nt colour, sites eee of ) 
a and a vac hho texture. . It melts at an inferior 
temperature to either of the foregoing bodies, viz. at 92° 
Fahrenheit. Cold alcohol has little action, but when heated, | 
dissolves about 3 or + its weight. On cooling, it is depo- 
sited nearly white, and the alcohol has neckithed a yellow 
tinge. Boiling ether dissolves nearly one fourth, which 
separates, toe white, on cooling. Fixed alkalis act on 
this substance, as on wax and spermaceti. Cold ammonia 
scarcely attracts it, and in. this respect it gies from both 
the preceding substances. : 

III. The rar of animals may be séparated from the mem-~ 
Seating and other substances, with which it is united,. by 
melting it with a gentle heat, and with the addition ofa’ 
small quantity of water. Fat, which has been thus prepared,- 
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is called lard when of a soft consistence, and tallow when 
harder. From the whale and some other animals, the fat i is 
_ obtained Avid, and is then called animal. oil, 
Animal. fat is insipid and free from smell. It cannot be 
combined. éither with water or with aleohol; but it unites 
with alkalis and forms soap. “It‘is apt to’become rafcid by 
keeping, owing tothe formation of: an‘acid, ‘most ‘probably 
by the oxygenation of gélatine; or of some-other oe Sith 
_ stance which the fat contains... 60. 9) Ses yet) 
Fat melts at a very moderate. lian Lard becomes fluid 
‘at about’92° Fahrenheit, and tallow'a few degrees higher. 
At a still higher temperature, it is decomposed, and yields, 
‘among other products, a large quantity of — ld 
“Hence its fitness for artificial Honithation: eo tds “ 
If.fat be melted with about. one sixteenth its weight of 
nitric acid, the mixture being kept fluid, and constantly 
stirred for some time, a considerable change is produced in 
its appearance. Nitric oxide and nitrogen gases are evolved ; 
and the lard becomes granular, of a firmer consistence, and 
soluble in alcohol. Any adhering acid may be removed by 
washing it with water. In this state, it has been called by 
the French chemists oxygenated fat. 
Melted fat dissolves both sulphur and hes piie vek? It 
unites, also} with several metallic oxides, and forms com- 
“pounds, which have nearly a solid consistence. 
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Or the ee that ae hitherto sib discovered to enter 
into the compesition of animal substances, several have 
“already been described, viz. the phosphoric, sulphuric, mu- 
‘riatic, carbonic, benzoic, acetic, and malic. Besides these, 
‘the following are either component parts of animal sub- 
¥OL, II. a 
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stances, er are formed by treating them with chemical 
agents, ae 

I. The uric acid, or lithic acid, exists in bik dit urine; 
even in its most healthy state. ‘Khe substance, occasionally 
voided along with the urine, and called gravel, consists for 
the most part of uric acid; and this acid forms, also, one 
of the most common ingredients of urinary calculi. It may 
be obtained, by dissolving a calculus of this kind (the ex- 
ternal characters of which will be hereafter described) ‘re 
duced to fine powder, in solution of potash ; decomposing ’ 
the clear solution by muriatic acid added in excess; and 
washing the precipitate with a large quantity of distilled 
water. The precipitate may be drained, .and dried ata 
moderate heat. 

, 1. Uric acid, when pure, is soeiititie of eiiad taste, and 
smell; it dissolves in 1720 parts of cold water, or in 1150 
parts of boiling water; from which, on cooling, much of the. 
acid precipitates. ‘The solution reddens cepeaebll blue 
colours, and combines readily with pure alkalis, but does 
not effervesce with the alkaline carbonates. Fixed alkaline. 
solutions dissolve ‘a considerable quantity of uric acid, if 
the alkali be in excess. The saturated compounds, however, 
of uric acid with alkalis, termed urates, are not much more 
soluble than the acid itself. The combination of uric acid 
with soda, constitutes the principal part of the concretions 
found near the joints of gouty persons. : 

2. Nitric acid dissolves the uric acid, and the solutions 
stains the skin of a pink colour. If the solution be boiled, 
carbonic acid and nitrogen gases escape, and prussic acid’ 
is formed. On evaporation to dryness, a bright red mass 
remains. By repeatedly distilling nitric from urie acid, the 
jatter is at length wholly decoruphanis carbonic acid and — 
nitrogen gases are evolved; ahd a strong smell of prussic 
acid is produced. The residuary fluid deposits crystals, 
which Dr, Pearson found to be nitrate of ammonia. Oxy+ 
muriatic acid occasions the formation of muriate of ee 
and of oxalic and malic acids.. NERS 


8. When the uric acid is distilled per se, about ‘one fourth 
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its weight of a yellow sublimate arises, which contains no 
uric ici but a new and peculiar one combined with am- 
monia. A few drops of thick oil make their appearance ; 
and carbonate of ammonia, with some prussic acid, waters 
and carbonic acid, are obtained. In the retort there re« 
mains about one sixth of charcoal. . | 5 
~ II. There is a substance well known to physicians, as a 
deposit from the urine at certain stages of fever, and in other 
diseases, under thé name of Jateritious sediment.— Accords 
‘ing to Proust, this sediment contains, mixed with uric acid 
and phosphate of lime, a peculiar acid, which he terms the 
rosacic, from its. resemblance in colour to that of the rose, 
This acid, he observes, differs chiefly from the uric, in being 
_ very soluble in hot water; in having little tendency to crys+ 
tallize; and in precipitating muriate of gold of a violet 
colour. It does not appear, however, that its properties 
have ‘been hitherto investigated by any other chemist; and. 
its existence may be considered, at present, as in.some des 
grée questionable. 
IIE The amniotic acid has been discovered by frown 
and Vauquelin, in the liquor of the’ amnios of the cow, from 
which, by slow evaporation, it separates in white crystals, 
It has a brilliant appearance; a slight degree of sourness ; 
reddens vegetable blues; is scarcely seloblets in’ cold water, 
~ but tendilid in hot, from which it separates; on cooling, in 
long crystals. It is also soluble in lieated alcohol. It com- 
bines readily with alkalis and forms neuitral salts, from which 
the amniotic acid is precipitated by other acids. “It does 
not decompose alkaline carbonates; nor does it precipitate 
salts with earthy bases, nor the nitrates of silver, mercury; 
oriead. By a strong heat, it is decomposed, emits ammo- 
nia and prussic acid, and leaves a buiky charcoal. ne 
IV. The lactic acid forms a component part of sour milk ; 
from which the acid may be obtained by gently evaporating 
it to about one eighth; filtering to separate the curd; and 
adding lime-water to the residue...An earthy precipitate is 
formed ;. from which it may be precipitated by oxalic acid, 
The lactic acid is thus obtained: in an impure state, digs 
X2 
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solved in water. ' Evaporate the solution to the consistence 
ef honey; on this pour alcohol, and filter the solution. 
When the alcohol is separated by git the lactic acid 
remains pure. 

This acid has a willow colour, is net susceptible of being 
crystallized: and attracts the humidity.of the air. It com- 
hines with alkalis and earths, and forms deliquescent salts. 
It dissolves. ivon and zinc, with a production of hydrogen 
gas. It unites also with the oxides of other metals. In ifs’ 
properties, it bears most resemblance to acetic acid. Feour- 
croy, indeed, supposed that it is really the acetic acid, hold= 
ing in solution a quantity of extractive matter and of the 
salts contained in whey, which disguise its erdinary pro- 
perties *. But Berzelis contends that it is a distinct acid, 
and that it exists, either free or united with soda, in all 
animal fluids t. 

V. The saccholactic or mucous acid is formed by pouring 

on powdered sugar of milk, in a stoppered retort, four times 
its weicht of nitric acid, and distilling off a considerable por- 
- tion af the iquor. Qn leaving it to crystallize, oxalic acid 
is obtamed; but if, instead at this, the liquid be suddenly 
diluted with water, a white sediment forms, which : ae be 
separated by decantation and washing. 

It may, also, be obtained by. pouring om one part of gum 
arabic in a stoppered retort, two parts of nitric acid: apply=— 
ing heat,a short time, till a little nitrous and carbonic acid: 
gases, have come over, ind then allowing the mixture. te 
cool, A white powder gradually separates, from which the. 
_ Hquid is to be decanted. ‘The powder, after being wishats 


several times with celd water, is saccholactic acid.. 


This acid is about one fourtl: more soluble i in hot than in’ — 


cold water. Of the former it requires 60 parts. The so+ — 
lution is.acid, and reddens the colour of litmus. .At a boil — 
sii inal it effenvescet with alkaline carbonates ; ; and unites & 


* Nicholson’s Journal, x. 264. - pel anesick', 
+ Thomson's Annals, ii. 901, note. See also: bis: is Investigation of tie 
hectic asid, io Phil. Mag, xli, 240. Li sent: ne C343 
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readily with alkalis and earths, forming a genus of salts which 
are called saccholactates. With potash, it affords a salt so-. 
luble in eight times its weight of cold water, and crystalliz~ 
able on ating: and with soda a salt equally soluble, and 
requiring ney five parts of water for solution. 

The saccholactic acid is decomposed, when distilled at a 


_ réd-heat, and yields an acid liquor, which deposits needle- 
_ shaped crystals. An empyreumatic oil is also formed, and 


a considerable quantity of carbonic acid and hydro-carburet 
_ gases. A considerable proportion of charcoal remains in, 


the retort. Gay Lussac and Thenard have tannin iaees its) 


eomposition to be 


Carbon « oe vee 0 33.69 


XV ZEN » on. cie tree aA aOo 
Hydrogen Sela alias sehen 
100. 


Therd. are, gretiadaeep 36. parts of. oxygen more hain cant 
ficient to saturate the hydrogen. | ‘ 
VI...The selacic acid may be obtained aad various. spe~. 
cies. of animal fat. ‘The simplest process for separating it 
is that of Guyton. To hogs’-lard, melted in aniron kettle, 


add pulverized guicklime, | and. stir the mixture for a few 


minutes, raising the heat towards the end.of the process. 
When. cold, the lard will be found to have Jess solidity. 
Pour on it a large quantity of water; boil them together, 
‘and filter the liquid. A brown acid salt will separate on 
_ cooling, consisting of lime, united with sebacic acid. This ~ 


salt is contaminated with an admixture of oil, from which it 


may be separated by a degree of heat ‘barely sufficient to 
decompose the oil. Re-dissolve and crystallize the residue ; 
and, when again dry, distil. it with one third its weight of 
sulphuric acid, diluted with water. Its purity from the. 
latter acid may be ascertained by its affording, with a so- 


tution of acetate of lead, a precipitate soluble in nitric acid. 


1. The sebacic acid is liquid, white, and has a penctrating’ — 
smell. It xreddens vegetable colours, 
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2. By distillation it becomes yellow, gives carbonic acid - 
and is partly decomposed. ’ ; 

3. It unites with. alkalis; and, when shintiad with nitric 
aid dissolves gold. 

4. Nitrate and acetate of lead give’ a wtectottane, patahie 
in acetic acid.’ It decomposes the muriate of mercury. : 

According to 'Thenard, the acid which has been described _ 
is merely acetic acid, disguised by a little sulphurous. acid. - 
Besides this, however, there is a different acid not befor 
observed, and which is’really sebacic acid. It may be ob- 
tained by first distilling hogs’-lard, and washing the product. 
with hot water. The watery solution, poured into one of 
acetate of lead, gives a flaky precipitate, which is to be 
heated, along with sulphuric acid, ina retort. No acid is 
distilled over; but on the surface of the matter in the retort, 
there floats a substance resembling fat, which may be sepa- 
parated, and washed with boiling water. The water en- 
tirely dissolves it, and becomes concrete on cooling, 

‘The sebacic acid, thus procured, has a white colour; is 
without smell; has a slightly acid taste, and reddens infu- 
sion of litmus. When heated, it melts like a sort’ of fat ; 
boiling water saturated with it becomes solid on cooling. 
Alcohol dissolves it copiously. It precipitates acetates and — 
nitrates of mercury and: lead, and nitrate of silver. ‘The 
alkalis are neutralized by it, and form soluble salts, which do 
not decompose the solutions of lime, barytes, or strontites. 
it may be volatilized ; but requires a higher temperature 
than “benzoic acid, which, in several-particulars, it resem- _ 
bles. Berzelius; indeed, considers it as merely benzoic acid, 
impregnated with other products of the distillation by whichis 
it has been obtained. ; 

VIL. ‘The -praussic acid is formed, chiefly during the acti 
composition of animal substances, at high temperature 
Three parts. of blood, evaporated to dryness in an iron dish 
are to be mixed with one part of sub-carbonate of potash 
(common pearlash), and calcined ‘in a crucible, which should — 
be only two thirds filled by the materials, and loosely covered - 
with alid. The calcination must be continued with a mo» 

7 . 


H 


SECT. IX, ANIMAL ACIDS. © 311 


derate heat, as long as a blue flame issues from the crucible ; 

and when it becomes faint, and likely to be extinguished, 

the process must be stopped. Throw the mass, when 
cold, into 10 or 12 parts of water; allow it to soak a few’, 
hours; and then boil them together in an iron kettle. Filter” 
the liquor, and continue pouring hot water on the mass, as 
long as it acquires any taste.— To this solution, add another, 
composed of two parts of alum and one of sulphate of iron, 
in 8 or 10 of boiling water; and continue the mixture as 
long as any effervescence or precipitation ensues. Wash 
the precipitate several times with boiling water. It will 
have a green colour; but, on the addition of a quantity of 
muriatic acid, equal in weight to twice that of the sulphate 
of iron which has been used, it will assume a beautiful blue 
colour. Wash it again with water, and dry it ina gentle 
heat. In this state it is the- pigment called Prussian blue, 
which consists of a mixture of prussiate ofiron, with alumine. 
—Its properties have already been described. (Chap. XIX. 
sect. &. v.) 

From prussiate of iron, the prussic acid may be separated 
by the following process, invented by Scheele. 

Mix two ounces of red oxide of mercury, prepared by 

nitric acid, with four ounces of finely-powdered Prussian 
blue, and boil the mixture with twelve ounces of water in a 
glass vessel, shaking frequently. Filter the solution, which 
isa prussiate of mercury, while hot; and, when cool, add 
to it, in a bottle, two ounces of iron filings, and six or seven 
_ drachms of sulphuric, acid; shake these together, decant the 
_ clear liquor into a abeiah and distil off one fourth of the 
liquor. 

‘The distilled liquor is the prussic acid, which does not, 
like most other acids, redden vegetable blue colours, though 
it combines with alkaline and ‘Bante bases. 

Lm Prussic acid has the following properties : 
1. It is capable of assuming a gaseous form, and’ may be 
collected in that state over mercury, by heating, in ‘a retort, 
the crystallized ferro-prussiate of potash with ditite sulphu- 
ric acid. ‘This gas is absorbed by alcohol, and forms a per- 


" 
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- » ° eek te Py Co ry 
-manent eombination with it; but its selution in water un+ 


dergoes spontaneous decomposition, becomes’ yellow in a 
ee months, and deposits charcoal. The gas has, also, @ 
constant tendency to escape from its watery solution. | _ 


.9¢ Prussic acid: gas is inflammable, and. is ee de+ 


composed by contact with chlorine gas,. | 

3. When received into the lungs of small anianiils, it is 
speedily fatal; and its watery solution, when taken inte the 
stomach, proves almost instantly. poisonous *. Oy “ee 


4.1n its pure state, it becomes a liquid at ordinary tempe- 


ratures, as Gay Lussac has shown: ‘To obtain it» in’:this 
state, prussic acid gas was disengaged from prussiate of mer+ 
cury by muriatic acid, and after passing through two bottles 
containing dry muriate of lime and chalk, was condensed in 


a third, which was surrounded by a freezing muxture, #6) Soy. 
5. Liquid prussic acid, thus procured, is a limpid sid Cor 


lourless fluid. Its taste is at first cool, but soon becomes hot 


| and acrid. ~ Though rectified from chalk, it still reddens. 
litmus paper slightly. Its specific gravity at 45° Faht. is 
.7058.. It is highly volatile, and boils at 49° Faht.; at 68° 
it supports a column of mer cury at very’ nearly 15 inches 3 
and it increases, fiye fold, the bulk ofany gas with which it 


is mixed. It congeals at the temperature produced by snow 
and. salt, and liquefies at 5° F aht. A drop of it placed,on 


paper becomes solid instantly, because the cold, produced by | 
‘the evapor ation of one portion, |. reduces the asia ie seria of " 


the remainder below it freezing point. 
6. It does not appear to have a.strong affinity. for alkalis; 3 
nor does it take them from carbonic dud for no efferves* 


cence arises on adding it to a solution of alkaline carbonates. 


On the contrary, its ” combinations with alkalis and earths 
are decomposed by exposure to carbonic acid, even when 
highly diluted, as in atmospheric air. It readily combines, 
however, with’ pure aikalis; and forms crystallizable salts, 
which have an excess of alkali, are soluble in alcohol; and 
are incapable of forming Prussian blue with salts containing 


# Robert, 92 Ann. de Chim. 52. 
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the peroxide of iron. But these simple prussiates, by com- 


-pination‘with protoxide of iron, acquire all the characters of 


triple prussiates. 2 

A new and ingenious view of the nature of the triple prus- 
siates has lately been taken by Mr. Porrett, in the Philoso- 
phical Transactions for 1814. He considers them, indced, 
not as triple salts, but as inary compounds of the respective 


bases with an acid, which is constituted of the elements of 


Prussic acid, united with the protoxide of iron. That this 
oxide is’really an element of the acid, and not a base, he has 
rendered highly probable by determining, that when prus- 
siate of soda in solution is exposed to the agency of Galvanic 
electricity, the black oxide of iron is carried along with the 
elements of the prussic acid, ‘to the positive pole; whereas, if 
it had existed in the salt as a base, it np have die pce 


at the negative pole. 


This dorpourid acid he stitainddss in a state of ratory sO~ 
lution, by adding, to a solution of triple prussiate of barytes, 
just sulphuric acid enough to precipitate the barytic earth. 
Its characters he describes as follows: 

It has a pale Jemon yellow colour; has no smell; is de- 


‘composed by a gentle heat, or by exposure to a strong light; 


in which case prussic acid is formed, and white triple prus- 
siate of iron which, by absorbing oxygen, becomes Prussian 


bine. © With alkalis, earths, ied oxides, it forms, directly, 
_ the salts called triple prussiates. It displaces the acetic acid 


from all its combinations; and also detaches, from other 


acids, those bases, with which it is susceptible of forming 
compounds, that ‘are insoluble in acids. As it is decom- 


posed by heat, this acid can never be obtained by distilla- 
tion. In that case, separ acid and triple prussiate of iron 
are always formed. 


This view of the subject explains why the iron, in triple 


_prussiates, is not discovered by the most delicate tests ; for 
-itcan no more be affected by them, than sulphur can be in- 
dicated ‘by its appropriate tests, nen existing in sulphuric 


acid. 
In the nomenclature of prussic acid cosa its compounds, 
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Mr.. Porrett has not proposed any change; but for the pe- 
culiar acid, which it affords when combined with ptotoxide 
_ of iron, he suggests the name of ferruretted chyaxic acid 3 
and its compounds he terms ferruretted chyazates. It would, 
perhaps, have been preferable to have designated these bo- 
dies by the names ferro-prussic acid, and _ferro-prussiates ; atv 
least these names have the advantage of greater brevity; and, 
for that reason, I shall employ them. 

_ Beside the protoxide of iron, Mr. Porrett finds that shane | 
are other substances, which are capable of forming, with the 
elements of prussic acid, peculiar acids, characterized by a 
distinct train of properties. Sulphur is one of these bodies, » 

Sulphuretted chyaxic or sulphuretted prussic acid was first. 
obtained by Mr. Porrett, by decomposing Prussian blue 
with sulphuret of potash. To a heated solution of one part: 
of the latter, three or four parts of Prussian blue in powder 
are to be added at. distant intervals; and the liquid, which 
contains the compound in question, along with several neu-' 
tral salts, is to be filtered: Or a solution of prussiate of 
mercury may be decomposed by hydroguretted. sulphuret of 
potash : Or, lastly, a mixture of animal charcoal and sulphu- 
ret of potash may be calcined, in a red heat, for some hours, 
and the product lixiviated. The clear liquor (however ob- 
tained) is to be supersaturated with sulphuric acid ; and kept, : 
for a short time, at nearly the boiling point, A little finely. 
powdered oxide of manganese, added when cold, turns the _ 
liguid a beautiful crane A solution of two parts sulphate: 
of copper, and three of green sulphate of iron, is to be. 
added, till this colour disappears. A white precipitate falls, 
which is a compound of protoxide of copper with sulphu- 
retted prussic acid. The acid may then be transferred to 
potash, by boiling the precipitate with that alkali; and it 
may be obtained separate, by distilling the liquid with sul- 
' -phuric, acid. 

The sulphuretted chyazic or prussic acid is generally co- 
lourless, but sometimes pinkish; it has the specific gravity 
1.022 ; and it has a smell, resembling that of strong acetic. 
acid. It dissclves sulphur when boiling, but lets the greater 
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part fall again on cooling. It forms, with nitrate of silver 
and pro-nitrate of mercury, white precipitates. With al- 
kaline and earthy bases, it composes a distinct genus of neu- 
tral salts. ak 

VIII. The xoonic acid has been shown by Thenard to be 
merely the acetous, holding some animal matter in solution. 
The formic acid, or acid of ants, was submitted to a course 
of experiments by Fourcroy and Vauquelin, who inferred 
that it is merely a mixture of acetic and malic acids. This. 
conclusion was opposed by the experiments of Suersen, who 
endeavoured to prove that the formic is really a peculiar acid; 
but its identity with the acetic has since been confirmed *. 
Gehlen, however, has lately published a series of experi-. 
ments, the object of which is to prove that the formic is 
really a peculiar acid. Its smell and taste differ, he alleges, 
entirely from those of acetic acid. When sufficiently cooled, 
it becomes solid, but does not crystallize. | Its specific gra- 
vity is 1.1168; when diluted with an equal weight of water, it 
becomes 1.060; and with twice its weight, 10296; in all 
which respects it differs from acetic acid +. 


* Ann. de Chim. Ixiy. 48; + Thomson’s Ann, v, 24," ? 
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CHAPTER XXUL 


hi OF THE MORE: COMPLEX ANIMAL PRODUCTS. 


AL arrangements of the various substances, that compose. 
the animal body) must, inthe present state of our knowledge, 
be entirely arbitrary; and it can, therefore, be of little con- 
seqnence which of them is adopted. ‘The most obyiens di- 
vision is that which distributes them into fluids and solids, 
and this order I shall follow in the description of their imdi= 
vidual properties. A minute history, however, of all the. 
variety of animal compounds would be foreign to the pur 
pose of this work, and could not be given aus very long 
details. Yor this reason, I shall notice, at greatest length, 
those, which are: most’ interesting from their connection with 


spring physiology. 


42 search eu eu ECTION sh 
Of the Blood—Respiration, ee. 


THE blood, when examined as soon as it has been drawn © 
from the body, is a smooth and apparently homogeneous 
fluid; viscid to the touch; and of a specific gravity exceed- 
ing that of water, in the proportion of from 1053 or 1126 
to 1000. A vapour presently exhales from it, which has a 
peculiar smell, but which does not, when condensed, afford — 
a liquid differing essentially from water. In a few minutes, 
a thin film appears on the surface; and, after a short time, 
the whole mass becomes coherent. When it has remained 
some time in this gelatinous state, a more complete separa- 
tion of its principles ensues. Drops of a yellowish liquid — 
ooze out from beneath the surface of the mass; and, at length, . 
the whole is resolved into two parts, a firm red substance 
called the cruor, crassamentum, or clot; and a yellowish 
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liquid termed serum. The proportion of these parts varies 
considerably ; ; the cressamentum being much more abundant 
in vigorous well fed animals, than in yan as have been de- 
bilitated by disease or by poor living. 

The period, at-which cohamalaticn begins, varies not only 
with the condition of the blood itself, but with the circum- 
stances in which it is placed. It commences sooner as the 
‘vessel is more shallow; but, on an average, it may be said 
to begin in about 34 minutes, and to be completed in seven. 
Yourcroy states that, during coagulation, caloric is evolved ; 
and this fact, which required confirmation, has been placed 
beyond a doubt by the experiments of Dr. Gordon, who 
found the coagulating part of a quantity of, blood warmer 
than the rest, by from 6° to 12° Faht. * . : 

The serum is an apparently homogeneous fluid, with a 
yellowish and sometimes slightly greenish tinge ; is unctuous 
to the touch and saltish to the taste. Its specific gravity is _ 
very variable, but on the average is about 1029. When 
exposed to a heat of 160°, and still more readily in that of. 
212°, serum is converted into a pretty firm white mass. This, 
in fact, is merely coagulated albumen, the properties of 
which have been already described. When cut into’slices, 
and subjected to gentle pressure, a small quantity of a 
slightly opake liquor, of a saline taste and a peculiar odour, 


~~ e@ozes from it, which is called the serosity. This fluid has 


generally been considered as holding gelatine in solution ; 
but Dr. Bostock has found reason to doubt the accuracy of 
the opinion ; in which conclusion he is stil by Brande 
and Berzelius. 

Mr. Brande coagulated two fluid ounces of sexum, and di- — 
_ gested the'coagulum, cut into slices, in four fluid ounces of dis- — 
tilled water, which was afterward separated by means of a 
filtve. The liquid, when evaporated to half an ounce, gela- 
tinized on cooling, and was precipitated by an infusion of tan 5 
but this effect might equally well be produced by the presence 
of albumen ; and decisive evidence of the presence of the latter 


* Pubyiaows iaeoan iv. 139, 
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substance was obtained, by placing some of the fluid in the 
Voltaic circuit, when a rapid coagulation of albumen took 
place round the negative wire. After having coagulated, by 
Galvanic electricity, all the albumen of a portion of serum, 
the residuary liquor gave no indications of gelatine. Mr. 
Brande, therefore, infers, that the serosity consists of albu« 
‘men, in combination with a large proportion of alkali * 

The serosity, according to ayesha contains no Bali 
ric acid, and only a vestige of the phosphoric; but it consists 
of water, of pure soda holding albumen in solution, of mu- 
riates of soda and potash,’ of lactis of soda, and an animal 
matter, which always accompanies the lactate +. The solid 
contents of the serosity, Dr. Bostock finds to. vary from th 
to ;!,th of its weight; but on an average, they may be stated 
at th. It has been a subject of controversy ¢, which of the 
mineral alkalis exists in serum in an uncombined form. Dr. 
Pearson maintains that it is potash; but Drs. Bostock, 
Berzelius, and Marcet, allege that it is soda; and the evi- 
dence preponderates i in avai of the latter opinion. 

When serum is evaporated, at a heat below that required 
for its coagulation, it yields a yellowish semi-transparent 
mass, resembling amber, that splits to pieces in drying, and 
amounts to sthon 95 grains from 1000 ofserum. This sub- 
stance softens in water, and becomes gelatinous; and about . 
86 per cent of its weight are diadbivedt and may be passed 
through a filtre. The: insoluble part is albumen ; and much 
of ehia” exists, also, in the filtered liquor, beside the neutral 
salts, which have already been mentioned. 

The mineral acids coagulate serum, and so completely, 
that no albumen remains in the serosity. ‘The insoluble 
compounds, which are produced, exactly resemble those of 
the same acids with fibrin; and the action of alcohol is the 
same in both cases. Hence Berzelius contends, that there 
as very little difference between albumen and fibrin. ‘The 


* “* Phil, Trans. 1812. + Thomson’s Annals, ii. 201. 


ie Pia Medico-Chir, Trans. ji iy ape 308; and aga s Journal, vols. 
231,38 


~ 


SECT. I. 1. BLOOD. 319 


only character of distinction between them appears to be,. 
that albumen does not coagulate spontaneously, but requires 
a high temperature; and from this circumstance, it is less 
‘ rapidly soluble than fibrin in acetic acid. 

The serum of human blood is composed, according to 
Berzelius, of . 


Water. ail eid Ne da thee ade Uae seat 05.0 


PATIO tears 5: ala Ca did eae ain a ha slain sm. sreeee 80.0 
_ Substances soluble in alcohol, viz. | 

Muriates of potash and soda............65 61 100 

Lactate of soda.and animal matter. ........4 ; 


Substances soluble in water only. 
ene phosphate of soda, and a little animal 


matter ........ eb eeme ee 27 @eeeerveoeete ®eexdxee 4.1 
FLOSS. a ve peg ener ones ss Fiat! Sea iy 4, ys ae ee 0.9 
1000. 


This analysis agrees very remarkably with one of Dr. 
- Marcet, who oe the following ingredients. The sub-— 
stance, termed by him muco-exiractive matter, is doubtless 
impure lactate of soda; and the sulphate of potash, and 
earthy phosphates, . were prohenly formed by the com-. 
 bustion. 

- A thousand parts of human serum contain, 


WY GCE Acca od ne his belo s ss Kees. = 
UNPDUNNGIEs CURT a ahs wr vk on 9 ... 86.80 
Muriates of potash and soda...... 6.60 
Muco-extractive matter....e.+60. 4,00 
_Subcarbonate of soda.........++. 1.65 
Sulphate of potash...........++, 0.35 
Earthy phosphates.............- 0.60 


1000. 


Vogel considers sulphur as another constituent of serum; 
for he finds that when serum is kept for some days, at the 
temperature of between 75 and 90° Faht., a gas exhales from 
it, which renders legible. characters written on paper with 
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acetate of lead *. The same experiment was found to answer 
with the bile and urine; but it can scarcely be regarded asa 
proof, that the blood contains sulphur as such; or in’ shea J 
state but that of intimate combination. 

The crassamentum or clot is resolvable into two piatél vixe 
what. has been called coagulable lymph or fibrin, and. red 
globules. ‘The separation may be accomplished. by long con- 
tinued washing with water, which dissolves the red globules 
only, and leaves the fibrin. Its properties differ scarcely at 
all from those of fibrin obtained by the long ipa of mus- 
cular flesh. 

Fibrin, as it is contained i in the Bload, is held in a state of . 
solution; and it is still a question to what cause its sponta~- 
neous coagulation is owing. That it does not arise from the 
absorption of oxygen, is plain from the fact that blood, by 
_ exposure to oxygen gas, has its coagulation retarded, 
Hydrogen gas, also, delays its coagulation; but carbonic 
acid, nitrous, and nitrogen gases accelerate it. Jn vacuo, 
Mr. Hunter states that it occurs at the usual period; but it is 
not easy to conceive under what circumstances stich an ex~ 
periment could be fairly made. When. intercepted in a’ 
living vessel, as by placing ligatures on a vein, Mr. Hewson 
found that blood ramicined” imperfectly fluid for several 
hours. ‘That mere rest is not sufficient to produce its coa- 
gulation appears, also, from the fact, that the blood conti- 
nues fluid in cases where the circulation is suspended 
throughout the whole system; as in fainting, and in suffo- 
cation from drowning and other causes," ‘The coagulability 
of fibrin is destroyed, pee without our being able to explain 
the fact, in animals killed by electricity and lightning; by a 
blow on the stomach; by the poison of the viper; or by vio- 
lent passions of the mind. In some diseases, on the contrary, 
its tendency to coagulation is greatly increased. 

The red globules of the blood (that part to which its pecu- 
Jiar colour is owing) were ‘first attentively observed and ac- 
curately described by Mr. Hewson. As their name imports, 


, 
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they havea globular, figure, which is sufficiently visible with 
the aid of the microscope. They appear to dissolve readily 
‘in water, and tinge it with their own peculiar colour; but Dr. 
Young finds thatthe globule remains entire, aoteh colour- 
less... They are soluble in alkalis, acids, and alcohol, but not 
in the serum. The watery liquid turns syrup of violets 
green ; and, after some time, deposits a flocculent } precipi- 
tate, doubtless from the coagulation of albumen, the presence 
of which is indicated, also, ‘by the effect of boiling the solu- 
tion. It seems to consist of albumen, dissolved by an excess 
of pure soda. When evaporated and calcined in a crucible, 
aresiduum. is obtained, amounting to about, —ts5 of the 
weight of solid: matter, , and composed, according to. Four- 
croy and Vauquelin, chiefly of sub-phosphate of iron. 

_. It has been contended that the red colour of the blood i is 
owing to the iron, which it contains, but this opinion has 
been ent etal set aside by Prof. Berzelius and Mr, Brande. 
The former, indeed, admits that a small quantity of oxide of 
iron. exists in the ashes of the colouri ing matter ; while none, 
or at least an infinitely small portion, is afforded by the 
other ingredients of blood. _ He cut the crassamentum into 
thin slices, and placed them on blotting paper ; and after this 
had ceased to draw out any. . moisture, he dried the. slices. 

Four hundred grains of the dried substance left, after inci- 
neration, 5 grains of ashes, which were ara (supposing 
100 to haye been operated on) of 


Oxidé of iron. Ek ee reese + 60.0 

. Sub-phosphate OF GI | 2leue UR o. ie fe 
| Phosphate of lime ear a small quantity a 

SYTTIGOMOSIA Sie els jaja edeaysld arched jeesm mee w<6.0 

Bie Ta WOE SaREDE TS ni Sbiscertin mid Fetes 20.0 

Carbonic acid and eT ORES 2 LONE Ea FET § HE 


3 The iron in colouring matter is not, however, in such a 
state, as to admit of its being detected by the nicest tests of 
that metal; until the composition’ of the colouring matter is 
destroyed. Nor is there any truth in the synthetic proof 
VOL. IL 4 ¥ 
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alleged by Fotitcroy, that sublphosphute of iron Uissélves ih 
_ albumen, and imparts to it a bright red colour, sresembling oi 
that of bléod, is 

To ‘procure ‘the colouring mattér'of blood ina detached 
‘state, Mr. Brande employed venous blodd,’stirred' during’ its 
‘coagulation. The fibrin ‘is thus ‘removed; and the’ colour- 
ing matter, is ‘diffused’ through the séruth, oth which it's gra- 
‘dually subsides in @ very COHCEREERAL forin. “Tt rétdins, in- 
‘deed, some sertim ; ; but this does ndt thterfére’ With the effects | 
‘of various: agents’ upon the colouring principle. my 
. The aqueous solution has a ‘bright red colonr, ‘and ‘is not 
very’ prone to puti efaction. It is not altered by’ any tempe- 
rature below 190° or 200° Faht.; but, at ‘higher ‘tempera- 
tures, it becomes turbid, ‘and deposits a pale brown sediment. 
If the fluid be poutted upon a filtre, water passes through 
colourless; so that exposire to - heat destroys the: heme 
‘of colouring ‘matter. 

Diluted sulphuric and muriatic acids, ‘and acetic, oxalic, 
‘citric, and tartaric acids, dissolve the colouring matter, and, 
extract it from the crassamentum. The solution ‘has more 
or less of a scarlet hue, according to the acid’ employed; ‘put 
it is always green, when ‘viewed, in narrow tubes, by trans- 
mitted light. Nitric acid destroys the'red colour, and con- 
yerts it to a brown. 

The pure and carbonated alkalis dissolve the red matter, 
the colour of which remains unimpaired. The ‘solution in, 
liquid ammonia approaches nearest to scarlet. When these 
solutions are supersaturated with muriatic.or sulphuric acids, 
the liquid acquires a ‘colour, similar to the original solution 
of the colouring matter by those acids. ; 

Alumine cannot’ be brought to forma permanent red com~ 
pound with the colouring principle of the blood. But when 
the colouring matter is left to stand a few days, in contact 
with a some of the crystallized muriate of tin, a bright 
red powder preciyitates, which is'‘a combination of the co- 
louring matter with oxide of tin. » When kept: in water, it 
sustains‘no change of colour; but whem dried by ALS to. 
‘air, it loses its brilliant tint, and assumesa dull red hue. 
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The most effectual mordaunts, which Mr. Br ande disco-~ 
vered for ‘the colouring matter, are solutions of mercury 
(especially. the Hiiadey and corrosive sublimate. When 
either of those Salts was added to a watery solution of the 
colouring matter, a deep red compound was deposited, and 
the Ifejuid became colourless, Woollen cloth, also, first im- 
pregiated i in these solutions, and then dipped into the aque- 
ous solution of colouring matter, acquired a permanent red 
dye, unalterable by washing with soap. 

‘Tt appears, therefore, that the colouring principle of the 
blood is an animal substance of a stent nature, suscep- 
tible, like the colouring matter from vegetables, of uniting 
with bases, and admitting, probably, of important use in the 
art of dyeing. On examining the colouring matter, distinctly 
from the | crassamentum, Mr. .Brande did not discover 2 
greater proportion of iron, than in the other principles of 
blood; and the theory may, therefore, be considered as com- 
pletely’ set aside, which accounts for the A colour of the 
blood by the presence of iron. 

* It is doubtless on the red globules of the blood that the 
different gases act, which produce such remarkable changes 
in the colour of the entire fluid. ‘Nitrogen gas blackens ar- 
terial blood, and, according to Girtanner, venous blood ' 
also. In an experiment of Dr. Priestley, it appeared that 
the bulk of'a quantity of nitrogen gas, to which arterial blood — 
was exposed, sustained a dena HOHY Blood, which has had 
its colour thus impaired, it was found by the same philoso- 
pher, may be restored to its bright florid hue, by agitation 
with oxygen gas; and these tian ged may, at pleasure, be re-. - 
peated alternately. Oxygen gas, to which blood is exposed, 
is diminished in volume, and contaminated by carbonic acid. 
Atmospheric air undergoes the same change in consequence 
of the oxygen which it contains, but in a less remarkable 
degree. ; 

Similar alterations are, also, constantly going on.in the 
blood, during its circulation through the living body. In 
the veins it is of a dark red aera inclining to  puRpIe: In 
this state it arrives at the right ventricle of the heart, by the 
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contraction of thick it is driven into the pulmonary artery. 
This artery is distributed, by extremely minute ramifications, 
over the whole ‘surface of the air-cells of the lungs; and, in 
these, the blood is exposed to the action of atmospherical 
air, through the slender coats of the blood vessels. Here it 
acquires a bright vermillion colour; and, returning to the. 
left ventricle op the heart by the pulmonary veins, it is dis- 
tributed, by the contraction of this ventricle,. through 1 the 
whole body. In its course it loses its florid -colour, and; 
after traversing the system, returns to the lungs, to be once 
more fitted a the performance of its functions. ©. i 
' The function of RESPIRATION consists of two tidied ace 
Eine. that of inspiration, by. which the air is drawn, into the 
lungs; and that.of expiration, by which it is expelled, after 
having served the purpose for which it was. inhaled. 
‘By an easy natural. inspiration, about twenty cubic inches 
may, perhaps, on an average, be the quantity taken in. _ It 
appears, also, from the recent experiments of Messrs. Allen 
and Pepys *, that the same quantity is expired, with little if 
any dinswnitans Atmospheric ‘air, after being once only 
admitted into the lungs, returns charged wines 8 or 84 
per cent of carbonic acid gas. If the same portion be: breathed ' 
. repeatedly, consider Shle? uneasiness is, experienced ; but the 
quantity of carbonic acid cannot be increased beyond 10 
per cent. _ When the state of the expiredsair is.examined by. 
eudiometrical tests, a quantity of oxygen is found to have 
disappeared, equal in volume, according to the experiments 
of the same accurate chemists, to the carbonic acid which has 
been formed. Now as carbonic acid has been proved 4 to. 
contain exactly its own bulk of oxygen gas, it follows that 
all the oxygen, which disappears in respiration, must have 
been expended in forming this acid; and that no portion of 
it-has united with hydrogen to form. water. It may. still, 
however, be doubted, whether the oxygen is absorbed: 
through the coats of the vessels, and displaces carbonic acid, 
‘which may be supposed to have pre-existed in the blood; or _ 


tee 
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whether this acid be not rather generated by the union of 
the inspired oxygen with the carbon of that fluid. Of the 
two suppositions, the latter oeptars to be the most Bree 
bable. 

The only change, er eet has been satisfactorily p* oved, 
to take place in respired atmospherical air, is the removal of 
acertain quantity of oxygen (its nitrogen being wholly un 
touched), and the substitution’ of a pr Sciuely equal volume of 
carbonic acid gas. When, however, pure oxygen gas is re= 
_ Spired, by an herbivorous animal, Messrs. Allen aud Pepys 
have found that it cannot all be traced into this combina- 
tion; but that a portion of oxygen has disappeared, and has 
been replaced by a corresponding quantity of nitrogen *. 

The addition of nitrogen appears to be made also, when a 
mixture of hydrogen and oxygen gases is breathed, in which’ 
‘the latter is in the same proportion as in atmospherical air. 
This mixture, it was found, may be respired for an hour 
without inconvenience, ‘The substitution of nitrogen for the 
oxygen originally inhaled is a fact of considerable import- 
ance, and in the present state eof our knowledge altogether 
inexplicable. sep | she 
Besides carbonic acid, a neritor: of watery vapour is emit- 
ted froin the lungs, and in a quantity sufficient to be visible 
when the atmosphere is of a low temperature, © From vari- 
ous experiments, it may be inferred to amount to about three 
grains ina minute. Until lately the water, thus exhaled, 
was supposed tobe generated in the lungs, by the union of 
the: inspired oxygen with the hydrogen of ‘the blood; but 
this, hypothesis is inconsistent. with the: experiments of 
Messrs. Allen'and Pepys, which have traced the whole ofthe 
oxygen into combination with carbon. Itis probably there- 
- fore-nothing more than’the condensed yapour of a portion 
of that fluid, which i is ey secreted into ad bronchial 
cells, | is | 
An important purpose of the Rinbtian of respiration is, 
that it contributes to that equable temperature, which the 
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animal body preserves, amidst all the changes in the sur- 
rounding medium. This is peculiarly the property of living 
matter; for all other bodies have the same degree of heat 
with the substances that are in contact with then" In the 
human body, the temperature varies only a very few degrees 
from 96°, whether it be exposed to a cold.of many degrees 
below the freezing point; or whether it be surrounded by an 
atmosphere, little : short of the heat of boiling water. There 
must, then, be certain processes in the animal economy, by 
which, in the former case, caloric is reduced from a latent 
form to that of temperature ; and, in the latter case, by which 
the great excess of caloric is absorbed, and prevented from 
becoming i injurious by its accumulation. ) 
. Weare ignorant of those precise differences, which con- 
stitute the diauicuen between venous and arterial blood, or 
in what way the function of respiration converts the former 
into the latter. A fact, however, of considerable import- 
ance, on this subject, has been discovered by Dr. Crawford. 
The capacity of arterial blood for caloric he found to be su- 
perior to that of venous blood, in the proportion of 1030 to 
892. When, therefore, arterial blood is converted into 
venous, 2 considerable quantity of caloric must pass from a 
latent to a free state, and must proye an abundant source of 
temperature. Now this is precisely what is constantly taking 
place in the hody. Caloric is evolyed by the combination 
of the inspired oxygen with carbon ; but as the capacity. of 
blood for caloric is, at the same fie: enlarged, its tempera- 
ture is not raised by being thus arterialized. In its progress 
through the system, the blood again suffers a diminution ‘of 
capacity ; and the caloric, which it had carried: in a. latent 
form to the remotest extremities, is extricated, and’ applied 
tothe support of animal temperature.. This theory explaing 
why the heat is not excessive in the lungs, but is equally dis- 
tributed over the whole body. In animals, placed in a high 
temperature, Dr, Crawford has added the important fact, 
that the change of arterial into venous blood does not go on; 
and no acaiten of temperature is, therefore, deriyed from 
this source. Another cause, limiting the heat of the body 


/ 


» 
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under such cir ‘cumstances, is the excessive evaporation which 
takes place from the surface of the skin, cand which is indi- 
cated by aloss of weight of no inconsider able amount * . 
It is not in the lungs only that the blood. exerts an action 
on atmospherical air; for a similar function, it appears, ‘be- 
longs to the skin throughout the whole body. Ifthe hand 
be confined in a portion of atmospherical air or oxygen gas, 
it has been: ascertained that the oxygen disappears, and is 
replaced. by’: a portion of carbonic acid. At the same time, 
a considerable quantity “of water y fluid transpires, and may 
be collected by a proper apparatus. | 
~The blood‘is subservient to various important uses in the 
animal economy. «It is a source, from which are constantly 
prepared a variety of other substances, both solid and fluid, 
that are essential to our well being, and even to our exist- 
ence. From the blood i is derived “iy, solid matter of the 
bones themselves; it does not, however, exist in the blood 
in the state of sub-phosphate of lime or bone earth; but ap- 
pears to be produced, from the ultimate elements of blood, 
on the very spot where its presence is required+, The 
muscles, which are affixed to the bones, and which, acting 
as levers, enable us to chan ge our situation at pleasure, are 
referrible to the same source; and so also is all the variety of 
animal fluids, which perform a necessary part in the economy 
of this. complicated machine, ‘The solids and fluids, thus . 
pr roduced, are sometimes elaborated by ois lta ‘organs 
called glands, and are then termed secretions. iA bufficiently 
exact and comprehensive knowledge of the business of secre- 
tion would have been attained, if we were able to discover, 
in the secreted solids or fluids, substances analogous to those 


; which a are found in the blood, and no others. Bat i in many 


secretions we find pr inciples bearing no resemblance to al- 
bumen, fibri in, or any of those fluids that form the proximate 
elements ol fthe blood. Ih these cases, 1 nature must have gone. 
farther in the work of separation ; and, after disuniting the 
_ ultimate pr inciples of the blood, have re-combined them i in 


* Nicholson's Journal, xii. 215. + Berzelis’s Animal Chemistry, p. 19. 
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a new ‘manner ‘and | in different proportions, This is 
species of ‘synthesis, which we have hitherto not been able 
to imitate in substances of the animal kingdom, and in ey 
few instances | even in in vegetable products. 


a 


| - SECTION II; 
of the ees subservient to Digestion ; : viz, the Saliva, 
the Gastri io and Pancreatic Juices, and the Bile. . 


_ Sarva is a liquid secreted by certain glands, and poured 
into the mouth, for the purpose of being mixed with the 
food. during mastication. It isa slightly na liquor, of a 
saltish taste, destitute of smell, and of a white colour, or 
with a slight tinge of blue. Its specific gravity, according 
to, oe is as 1960 to 1875, or, according to Siebold, as 
1080 to 1000... The latter: author has compared its con- 
sistence to that of a.solution of one part of gum in forty 
parts of. water. It is neither acid nor alkaline, and has, 
therefore no effect. on blue vegetable colours. Its quantity - 
varies considerably,..Nuck hae estimated it at, eight or ten 
ounces daily ; ; and, during a mercurial callin several 
pints flow in the same interval*. — _ » 

_Saliya, when evaporated by a gentle heat to dryness, 
alas only avery small proportion of dry extract in thin: 
‘semi-transparent plates; or if the process be stopped when 
about a third-only remains, crystals of muriate of soda are 
formed. Exposed to the air, it appears, to absorb oxygen, 
and becomes of a thicker consistence, whiteish flocculi at 
the same time separating from it. | 

There is some difficulty in effecting the diffusion of ais 
through water; but this may be accomplished by rubbing 

the two fluids together i in a mortar,.. The, solution, which 
is thus obtained, was subjected to the action of tests by Dr. 
' Bostock+, Oxymuriate of mercury produced no imme- 
diate effect; but, after some hours, a light flocculent coa= 


#F ourcroy, Systéme, Ato. v. 268. | + Nicholson’s J ournal, xiv, 147, 
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gulum separated, leaving the liquid nearly transparent. 
The same test produced a still less striking. effect in. the-fil-. 
tered portion of some saliva, which had been several days 
exposed to the atmosphere. Infusion of galls precipitated) 
white flakes, from the recent but not from the filtered liquors 
The filtered fluid was copiously precipitated by Goulard’s 
extract, and by nitro-muriate of tin. From these experi- 
ments, Dr. Bostock infers, that saliva contains coagulated, 
albumen, and also a quantity of mucus and muriate of 
soda, but no gelatine. To the quantities of each, he con- 
siders the following as an approximation: | : 


: VRE os tadii is don wn OO 
Coagulated albumen. 8 
WLDCUS 29% 5h locid a in ed 
Saline substances.:.. 1 


Berzelius has lately published a more exact ae of 
saliva, Its constituents are 


Wateee ere Caen Ogee ee eae 
A peculiar animal matter............ 2.9 
we Wires? oii? ae Oe eae eel B 
of leabins iuriated: ace PA alte See LAT 
Lactate of soda and cue etter ee ay t Ye | 
PEP EMNLEESS Lh os wd el nahsecaiace utcecebe a Chien: } 
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_ When exposed to the agency Bok galvanic cledtrieity; Mr. 
Brande has found that saliva, even after being first boiled 
in water, gives an abundant coagulation, and a separation 


of alkali routid the negative pole, though neither acids, nor 


any « of the common agents, showed aig presence of albumen. | 
Hence it appears that this substance may form part of an 
animal fluid, and yet’not be discoverable: by the common 
tests. In saliva Mr. Brande supposes that it is united with 


~-* Thomson’s Annals, ili. 25. » 
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an alkali (probably: soda) which, in this state of: Pgedindy ¥ 
leses its property, of affecting vegetable colours*. | 
‘Phe casrnic suics. is a fluid which is poured out: upon 
the inner surface of the stomach, and is possessed of: very 
extraordinary powers as a solvent. One of the great’ ob- 
stacles to an accurate analysis of it is the difficulty. of pro- 
curing it sufficiently pure, and freefrom .admixture:with the 
contents of the stomach. It has: been generally: collected - 
from animals, which have been kept, for:some. time. before 
being killed, without food. In this state, it is a transparent 
liquor, having a saline and somewhat bitter taste, and:con- 
taining her uncombined acid nor alkali. _ It precipitates 
nitrate of silver; and, when evaporated, gives a solid 
residuum, which is deliquescent, and has an unpleasant 
smell. By the action of acids, a small proportion of 
albumen is discovered in it, and gelatine or mucus remains 
in solution. Vauquelin always found phosphoric acid in 
the gastric juice of herbiy orous animals, whilst, on the 
‘other hand, that of man ‘and carnivorous animals seldom 
gave any visible traces of free acid or alkali. 2 
This imperfect account of the properties of the gastric 
juice affords, however, no explanation of the. solvent power, 
which it ‘exerts on all animal and, vegetable substances. 
Even out of the body, it appears, from cae experiments of 
Spallanzani, to retard the putr efaction of animal substances, 
and to reduce them to a state somewhat similar to that, in 
which they are found after having been some time in the 
stomach. On substances taken into that organ its solvent 
power is even, still more, remarkable... In Dr.. Steyens’s 
. experiment, hollow silver spheres, per forated with ‘small 
holes.and containing animal and vegetable. food, were. swal- 
- lowed by. a man. who. possessed the faculty: of doing this 
without injury, and with the result that the food was always 
dissolved, and the vessel yoided in an empty state. After 
death, it appears from the obseryations.of Mr. Hunter, that 
the stomach itself is sometimes eroded by the gastric juice, 
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% # Philosophical Transactions, 4 1809. 


SECT. Il. hn BILE. 331 


large holes having been found in it from the action of that 
fluid. These tee as well as the power of the gastric juice 
in _reagalnting milk, are quite inexplicable on any known 
painaiple.*: 4 

) The pancreatic Juice has not been examined with any 
attention. The only observations which we possess respect- 
ing it, are those of Dr. Fordyce. He found it to be a 
deed cnicleas liquid, slightly. saline to the taste. By evaporation, 
muriate of soda was obtained, and the same salt was indi- 
cated also by nitrate of silver. Hence we may conclude it 
to be analogous in composition to the saliva. 

The site is. one-of those fluids, which has attracted 
peculiarly the notice of chemists, -and which is, therefore, 
better understood than most others. It is to the labours of 
Fourcroy, and still more recently of 'Fhenard*, who has 

published two memoirs on ‘the bile, that we are chiefly 
indebted for our knowledge of: its composition. 

The bile of the ox, facta the greater quantity of it which 
may be procured, has been mostly the subject of experi- 
ment. Its colour is commonly yellowish green, and ver y 
_ rarely deep green. When mixed with syrup of violets or 
infusion of turnsole, it pr oduces no other change than what 
any other liquid of the same colour would effect. Its taste 
Is bitter and ‘at the same time sweetish, and excessively 
nauseous: Its smell is peculiar; and something like that of 
melted fat. Its specific gravity is 1026; its consistence 
variable, from that of a thin mucilage to that of synovia. 
Sometimes it is limpid, and, at chaps contains flocculi of a 
yellow matter, which may easily be separated by water. 

_ When submitted to heat, ox-bile first deposits a portion 
of coagulated matter, and yields a liquid, which has the 
Sacainx smell of bile, and. which throws down a white pre- 
eipitate from acetate of lead. The solid residuum has a 
yellowish green colour; is very bitter; somewhat deliques- 
cent; and entirely soluble in water and in alcohol. It melts 

‘ata moderate heat, and-is decomposed by a still stronger 


_; * Mémoires d’Arcueil, vol. 1, 
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one, the products being more oil, and less carbonate of 
ammonia, than from animal matters in general, A very 
bulky coal containing several ‘neutral. salts remains-in the. 
retort. . The salts extracted from this coal, taking: them’ mm: 
the'order of their quantities, are muriate of soda, phosphate 
of soda, phosphate of lime, and sulphate of ss Traces,' 
also, are discovered of oxide of i iron. sh "GO 
© The uncombined soda in bile’ ‘does not exceed =}, its 


weight; and as this very minute quantity of alkali must be 


quite incapable of dissolving the large proportion of resin,’ 
which exists in that fluid, Tuer! was induced to turn his 
attention to the discovery of some other ‘solvent’ of resin, 
existing as’ a component of bile. Acetate ‘of lead (the 
common sugar of lead of commerce) precipitates, he found, 
not only ine resin, but the peculiar substance of which he 
was in’ search; ‘in union with oxide of lead. But an acetate 
with a larger‘proportion of ‘base (formed from eight parts. 
of sugar & lead and one of litharge) produced a different 
appede’ and precipitated only the’ albumen’ and the resin. 
When the remaining liquid was filtered, and the lead sepa=: 
rated by ‘aul pHBneetedt hydrogen ‘gas, it gave, on “evapora= 
tion, a residue having less bitterness and ‘considerably. 
sweeter.- In this state, ‘the ‘solvent of the resin could hot: 
be considered @s pure, since it retained in solution a quan= 
tity of acetate of soda, arising’ from the decomposition; ‘by: 
the acetate of lead, of the salts of soda existing in-the bile. 
He again, therefore, precipitated the solution: By acetateof 
lead saturated with oxide, ‘and ‘obtained’an insoluble com= 
pound of the peculiar’ matter and oxide of: lead.” 'This-was. 
dissolved in vinegar, the oxide'of lead separated: by stlphur- 
etted hydrogen, andl the acid ‘expelled by evaporation.’ > 
“This substance, to which Thenard has given the name-of 
picromel, possesses the property of rendering: the resin ‘of 
bile easily soluble in water. Three ‘parts are sufficient to. 
one of the resin. ‘The characters: of picromel ‘are,* that: it 
is insoluble in water and alcohol, and incapablé of -being 
crystallized; *that-it precipitates nitrate- of -mercury-and 
acetate of lead with excess of oxide; and that it forms, 
. 2 


s 
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with resin and a, minute quantity of soda, a triple com~ 
pound, which is not ema paatertat oe acids nor by alkaline 
or earthy salts. | i 

. The resin is to be considered as’ ‘He ‘ciuse of the smell, 
anid in great part, of the colour and taste of the bile. It 
is solid; very bitter; and, when pure, . green, but when 
melted it passes to: vyellow.. It‘is-soluble in alcohol and in 
pure alkalis, and is precipitable’ from = former by water, 
and from the'latter by acids. Lie odes daa al 

The yellow matter appears to be peculiar to the bile, and 
to possess characters distinct from those of other animal 
substances. Itspresence seems to.render the bile putrescent; 
and it is, also, the source of the concretions, which form in 
the gall-bladders .of oxen. ~ Insoluble. by itself, it becomes 
soluble by the intervéntion: of ‘soda, resin,..and picromel 3 
and, whatever be. the solvent, it is precipitated by acids.— 
In the analysis of bile; the first step was to- separate this 
yellow matter, by-adding nitric acid, and:to free it from the 
portion of resin which. adheres,to it... Into the remainder, 
acetate of lead with excess of oxide (prepared as already 
directed). was poured, .and -an--insoluble, compound. was 
formed, consisting of oxide! of lead and, resin, from which 
nitrie acid detached :the latter in: the state of soft. green 
flakes. Sulphuretted hydrogen was then passed through 
the liquid, which was separated by filtration from the: pré= 
-eipitate and evaporated to.-dryness.. Deducting, from its 
weight, ‘that of the: acetate of soda formed by. the decom- 
position of acetate of lead; the weight of picromel wag 
obtained, |The saline substances were determined by caleix 
nation, lixiviation, and other common processes. - 

In this way, the io Meena of ox-bile was determined 
os tolowt: 47a et this hana teks Sl wot OG Shasta 
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~The bite of the haby the sibs the cat, and the vith sis 
found on analysis to be precisely similar to that of the ‘ox: 
The bile of the pig, on the contrary, ‘contained. neither 
albumen, yellow matter, nor picromel.: It consisted. merely 
of resin in great quantity, of soda, and of salts, the nature 
of which has not yet been ascertained. It was entirely de+ 
- composed by acids, and even by the weakest, the acetic...» 

Berzelius denies the presence of resin in bile*, and-asserts 
that it is not possible to repeat the analysis of ‘that fluid, by 
the processes, which Thenard. has described.» The! subs 
stance, he alleges, which, in bile, resembles resin, is pre- 
cipitable by acids; and the precipitate is a compound of the 
acid employed with the: green colouring matter of» bilé 
When we use sulphuric decid swith heat, a green liquid is 
obtained resembling a ‘resin; and after saturating: the acid 
with carbonate of barytes, the green’ matter is soluble in 
water, to which’ it imparts its’ own colour and bitterness. 
This is the characteristic ingredient of bile, which Berzelius | 
calls biliary matter. He finds bile sa of 
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The bile‘of birds contains a large quantity of albuminous 
matter. The picroimél, which is extracted from it; is not 
sensibly sweet; but on the contrary has'a sharp ‘and bitter 
taste. It contains a mere trace of soda, and does not pre 
cipitate the super-acetate. of lead. ies 

HUMAN BILE. was, also, an object of Mr. Thenard’sx6- 
searches; and his experiments, he is of opinion, have’ led 
him to as accurate a knowledge of it, ‘as: of any other spe- 
cies.—Its colour varies considerably; sometimes it is green, 
almost always brownish yellow, and sometimes it is without 
colour. Its taste is not very bitter. It is seldom. perfectly 
limpid; for. it generally holds. suspended in it a certain _ 
quantity of yellow matter, which. is sometimes even present 
in‘such quantity, as to render the bile clotted. When it is 
filtered, and’submitted to a,boiling heat, it becomes thick. 
and emits the smell of white. of egg. obiyeparnted to dryr 
ness, it. affords an extract, which is equal to 1th the weight 
of the bile. This extract, by calcination, affords precisely 
the same salts as are found .in. ox-bile, viz. uncombined 
soda; muriate; sulphate, and phosphate, of soda; phosphate 
of lime; and oxide of iron. __. 

All thé acids decompose human .bile, ‘and precipitate 
from it a large quantity of albumen and of resin. ‘These 
may be separated from each other by-alcohol, -By the ap- 
_ plication of acetate-of lead, no picromel can be discovered ; 
nor is any other ingredient found. in human. bile than yellow 
matter, albumen,.xvesin, and saline substances... The pro- 
portions, ascertained by Thenard, are-the following: 
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- The yellow matter appears to be, in every respect, similar 
‘to that of ox-bile. The resin is yellowish; very fusible; 
“very bitter, but’ less so than that of ox-bile; soluble in 
‘alcohol, from which it is precipitated by water; and soluble 
in alkalis, from which it is thrown down by acids. In water 
Ait appears scarcely to dissolve; and yet sulphuric and nitrie 
‘acids occasion a adie s from water which has ei 
‘digested on it. | 
, Tf bile be submitted to the action of galvanism, Mr. 
‘Brande has found that coagulation takes place at the nega~ 
tive pole, where soda also appears. At the a aes 
Muriatic and phosphori ic acids are evolved. 

Brurary catcuus. “The: composition of biliary concre- 
tions differs in different animals.. Those of the ox contain 
‘traces of bile, which i is removeable by the aetion of water, 
‘after which they are entirely destitute of taste’ and smell. 
‘Their colour is a yellow of so much beauty as to render 
them a‘valuable pigment. They undergo no change ata 
heat below redness; but at this temperature they melt and 
swell, and after yielding the usual animal products, give 
about one sixth ‘their weight of a white matter which is 
phosphate of lime. They are nearly insoluble both in 
water and in alcohol; and with some difficulty in alkalis, 
- from which they are precipitated, in green flocculi, by acids. 


* These are the numbers given by Thenard (Mémoires d’Arcueil, i. 
57); but as their sum exceeds 1100, it is probable that the error will 
best be corrected by reducing the proportion of water. 
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Boiling muriatic acid takes up only a small quantity, and 
renders them green. Hence they appear to be homoge- 
neous; and to possess properties identical with those of the 
yellow matter of the bile of oxen, and of human bile. 

The calculi of the human gall-bladder have been more 
attentively examined than those of the ox. It had been 
long known that they enter into fusion at a low temperature, 
and that the alkalis, and the fixed and yolatile oils effect — 
their solution. One of their distinctive characters was first — 
pointed out by Poulletier de la Salle, viz. that of being 
soluble in boiling alcohol, and precipitable, on cooling, in 
the form of shining scales. Foureroy afterwards discovered 
several important facts respecting them, and especially their 
resemblance to the substance which has been already de- 
scribed under the name of adipocire. — 

Of the calculi examined by Thenard, only a small 
number were formed of white plates, crystalline and shining, 
and entirely adipocirous. Many consisted of yellow lamin 
containing from 88 to 94 per cent. of adipocire, and six or 
twelve of a colouring substance. A few were greenish on 
the outside, and yellow in their mterior; several were 
_ covered, in spots at least, with a blackish brown erust, con- 
taining very little adipocire, but internally were like the 
rest. In all, excepting the perfectly white, there were traces 
of bile, diseoverable by the action of water.—Caleuli from 
the intestines were found to be similar to cw of the * 
bladder. 

We may conclude, ehaterd, with Wauecbab: that some 
of the calculi of the human gall-bladder consist entirely of 
adipocire; and that others are composed of the same sub- 
stance, with the addition of a quantity of colouring matter, 
which is either yellowish or dark brown.’ When of the 
_ former colour, it appears not to differ from the yellow matter 
of the bile; and when of the latter, to be the same sube 
stance with an excess of catbon. 
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SECTION II. 
Of M ilk. 


ae milk is a fluid, edited is santa, by animals of the 


Bs Mammalia, for the nourishment of their young. 


Though differing considerably in the different species of 
animals yet it iit of the following general description : 

It isan opake liquid, of a white velisan with sometimes a 
clioht tinge of blue or yellow. Its taste is sweetish and 
grateful ; but varies occasionally, as does its colour also, with 
the food of the animal. Its specific gravity is variable ; 
that of cows’ milk, according to Brisson being about LOM 
and that of ewes’ milk 1040. 

The milk may be resolved, partly by standing, and partly 
by agents that do not essentially alter the nature of its com- 
ponents, into three Sinn oe giciemras ys the cream, curd, 
and whey. 

1. The cream rises, as is well Lean to the pi he of 
milk after it has stood for some hours. It has many of the 
properties of an oil; is smooth and unctuous to the touch ; 
and stains cloth in the same manner as other fat substances. 
By standing for some days, it becomes gradually thicker, 
and at length forms a soft solid, in which the flavour of 
cream is no longer perceived, and that of cheese is substi- 
tuted in its place. Cream, of the specific gravity 1.0244, 


-is composed, according to Berzelins, of 
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“But as 92 parts of whey contain 4.4 of sugar of milk and 


- salts, it follows that cream contains 12.5 per cent of solid 


matter. 
When cream is is agitated, as is done by the common pro- 


cess of churning, it separates into two parts, a thick animal 
; OT is 


oa 
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oil, well known by the name of butter, and a fluid which 
possesses exactly the same properties as milk that has been 
deprived of its cream. This change has been supposed to 
be owing to the combination of the cream with the oxygen 
of the atmosphere ; but it takes place, though perhaps not 
. equally well, in-vessels from which the air is a 
Butter has generally a yellow colour and.a soft consist- 
ence. At the temperature of 96° or 98°, it melts, and when 
kept in this state for some time, a portion both of whey and 


curd separate from it. Its transparency is thus increased, 


but its taste, at the same time, rendered less agreeable. In 
_ this state, however, it may be kept longer. without becoming 
rancid; and it is not improbable thatsit is in part by com- 
bination with the whey, that salt contributes to the preser- 
vation of butter... Butter, therefore, may be considered as 
an animal oil, united with a portion of whey and of curd. 
‘When milk, either deprived or not of its cream, is mixed 
with certain substances, or even allowed to stand till it 
-becomes sour, it undergoes a change which is called coagu- 
lation, consisting in its separation into a solid substance 
.termed curd, and a fluid called whey. This change may 
be effected by several agents; by all acids, and by many 
-neutral salts; by gum, sugar, and certain vegetable juices ; 
by the gastric fluid; and especially by the infusion of the 
inner coat of a calf’s stomach called rennet. ‘The precipi- 
tation by acids, Scheele has explained, by supposing that 
they form, with the curd, a combination which requires 
more water for solution than milk contains*; and accord- 
ingly the curd is found always to contain a portion of that 
acid by which coagulation has been produced, But, in 
other cases, the coagulation cannot be thus accounted for; 
and is, indeed, altogether inexplicable, Thus the infusion 
_of a piece of calf’s stomach, not larger than half a crown, 
coagulates a quantity of milk sufficient for making a cheese’ 
of sixty pounds weightt; although the quantity of coagu- 
lating matter cannot in this case excead a few grains. 


* Essays, p. 267. + Holland’s Cheshire Report, p. 268. 
ZZ , 
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The curd of milk, when pressed, salted, and partly dried, 
composes cheese. In good cheese, however, there is always 
a large proportion of butter, which is enveloped in the curd, 

‘and is not afterwards easily separable. Curd, therefore, for 
‘exhibiting its chemical properties, should be prepared from 
milk, which has been deprived of cream, and should be made 
by the intervention of rennet. It is a white solid substance, 
insoluble in water and in alcohol, but readily soluble in pure 
‘alkalis, and precipitable therefrom by acids, though in a 
state more like tallow than the original curd. During solu- 
tion in alkalis, a strong smell of ammonia is prodiideds and 
‘hence curd appears to be converted, by their action, into 
volatile alkali and fat. Liquid ammonia also dissolves curd; 
and it appears t6 be soluble by the pure alkaline earths. 
From the resemblance of its properties to those of the coa- 
culated white of an egg, Scheele was induced to regard 
he cheese as identical with ralthuitée's and it is not improbable 
that if the curd could be obtained perfectly pure, their pro- 
perties would exactly agree. By the combustion and calci- 
‘nation of curd, it appears, however, to afford a larger pro- 
portion of phosphate of lime and other saline pigin than 
is obtained from the coagulated white of an ege. 

‘Berzelius found that the ashes, obtained by incinerating 

«cheese, amount to 6.5 per cent of its weight. The ash con- 
sists chiefly of earthy phosphates, with a little pure lime; 
“but contams neither alkali nor oxide of iron. Cheese, di- 
gested with muriatic acid, loses its earthy phosphates, and 
“afterwards burns without leaving any ash. The presence of 
“so large a quantity of the earthy phosphates, in the most 
“nutritious part of milk, may be regarded, Berzelius justly 
“observes, asa wise provision of snare and peculiarly 
| adapts milk to the nutrition of young animals, m whose eco- 
“nomy there exists thé greatest demand for the earthy phos- 
tape for the‘ purpose of ossification. . 

Cheese is generally considered as insoluble in water; but — 
ifit be precipitated from milk by sulphuric acid, then well — 
pressed, and digested with carbonate of barytes, cheese af- 
fords with’ water’a yellowish solution resembling a solution 


s & 
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of gum. The solution boiled in. an. open yessel becomes 
covered with .a white pellicle, precisely as milk does, and 
acquires the smell of boiled milk. 

Cheese produces, with the mineral acids, the same com- 
binations as albumen and fibrin, though its neutral com- 
pounds are less soluble than those of fibrin. A.great excess 
of acetic acid is required to dissolve cheese, and the neutral 
compound formed with this acid appears.to be insoluble. 
When it has not been completely separated from butter, this 
floats upon the surface of its solution in aceticacid. Alcohol 
converts cheese into.an adipocirous and foetid substance. 

The whey, or liquid which remains after the separ ation 
of all the curd, is a thin and almost transparent fluid, of a 
yellowish green colour and a pleasant sweetish taste. It still 
contains, generally, a portion both of curd and of butter; 
the former of which may be separated by a boiling heat, in 
the form of a coagulum. The buttery matter, also, separates 
by heat, especially if the whey be previously allowed to be- 
come sour*. Whey contains, indeed, in its recent state, 
some uncombined acetic acid. 

When whey which has been deprived, as much as possible, i 
of the butter and curd, is slowly evaporated, it yields the 
substance, already described under the name of sugar of milk. 
Besides this substance, it contains, also, several saline bodies, 
viz. muriate of potash, phosphates of lime and of iron, and sul- 
phate of potash; and a peculiar animal matter, which gives 
a precipitate, with infusion of galls, and affords car bonate of 
ammonia by distillation. Sour whey contains also a pecu- 
iar acid called the lactic. 

From this account of the composition of otk: sever al 
properties of the entire fluid may be understood. When 


fresh milk is boiled, its albuminous part is not coagulated 


into a mass like the white of an egg, on account of the large 
quantity of water, through which it is diffused; but a thin 
pellicle forms on the surface, which, if removed, is immedi- 
ately replaced by another; and thus the whole of the albu- 


*% Cheshire Report, page 262. 


$4.9 | COMPLEX ANIMAL PRODUCTS. CHAP. XXIII. 


men may be separated in successive portions. If the pellicle 
fall: to the bottom, it becomes nara and gives the milk a 
peculiar flavour. | 

In order to procure butter from milk, it is not necessary, 

in the first place, to separate the cream; for butter may be 
obtained at once by the churning of milk, and has then the 
hame of milk-butter. It is‘inferior, however, to butter made 
from cream, in consequence of its containing a larger pro- 
portion both of whey and of-curd. 

Milk is susceptible of the vinous fermentation, and is em- 
ployed, by the Tartars, in making asort of wine, which they 
call Koumiss*. It is prepared chiefly from mares’ milk, and 
has an agreeable sweetish taste. By distillation, it yields'a 
considerable quantity of alcohol. What is most remarkable — 
with respect to this fermented liquor, is that it does not ap- 
pear to owe its origin to the saccharine part of the fluid; for 
Fourcroy and Vauquelin have found that milk, after fermen- 
tation, yields as much sugar of milk as before. 

There appears to be a considerable difference in the qua- | 
lity of the milk of different animals. Human milk is sweeter | 

Basn that of cows; and yields a larger proportion of cream ; - ee 
but from this the butter cannot be separated by agitation. 
It deposits, also, a part of its card by mere repose. Asses’ _ 
milk bears a stronger resemblance to human milk than to 
any other. ‘The cream is but in small quantity, and. yields 
a soft white and nearly tasteless butter. The curd is so 

abundant, as even to separate on standing, before the milk 
becomes sour. Goat’s milk yields a remarkably thick and 
unctuous cream, and abounds also in curd. ‘The milk of 
sheep bears a strong resemblance to that of cows, and yields 
a large proportion of curd-of a fat and unctuous kind. Mares’ 
milk is thin, insipid, and affords very little cream, from which 
it is very difficult to separate any butter by agitation. - : 

_ The constituents of skimmed cows’ milk are stated by Be 

Berzins as fellome ts | nine | 


# 


* 37 Phil. Mag. 6, + Thomson’s Arn. ii. 27. 


SECT. Ill. . « _AHYLE.. , ihe 343, 


Water oo.n ose s visit nes. elec eiee 0s 95928, 75 ih ta 
Cheese, with a trace of butter ....... 28.00 } 
Sugar of milk . Crap Re aaa aie! ca ae 
Muriate of potash . FD SOE POUL 
Phosphate of potash g.dtter das ae nOBbin <b 
Lactic acid, lactate of potashandaY ggg 9°) 
.. atrace of lactate of iron. a ri Geek 
Earthy POAPABSR secre os 0.30 


1000. 
of Chyle. 


~The ale has Rac lately examined by Mr. Brande, who 
obtained it from the thoracic duct of an animal, about four 
hour hours after taking food. If taken at a longer interval, 
it is mixed with a greater or less proportion of. leanph. When 
unmixed with blood, it has the following properties. 

1. It is an opake fluid of a perfectly ea ee colour, without 
smell, and having aslightly salt taste, accompanied by some 
degree of sweetness. 

2. It does not affect the colour of litmus or Frnase but. 
it slowly changes violet paper to green, — 7.4 
- «(8 Its et gravity mtnen bat exceeds that of wee but 

is less than that of blood. 

_ 4. In about ten minutes after being taken from 4h duct, 
it assumes the appearance of a stiff Elly, which in the course 
of 24 hours, separates into two parts, producing a firm and 
contracted coagulum, surrounded by a transparent colourless 
fluid. Its spontaneous changes indeed, bear a striking 
resemblance to those which take place in blood. 
The coagulated portion has a closer resemblance to the 

cheese of milk, than to fibrine. It is rapidly dissolved both 
by pure and subcarbonated alkalis, forming pale brown com- 
pounds. Its solution in liquid ammonia is of a reddish hue. 
The acids throw down a substance intermediate between fat 
and albumen, which an excess of nitric acid redissolves in the 
cold; and sulphuric, GS and acetic pene by boiling 
for a short time. — 


“— 
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Sulphuri¢e acid, diluted, dissolves the coagulim, unless 
the water be increased to six times the weight of the acid. 
Alkalis do not precipitate the solution. It is transparent, 
of a pale brown colour, and, after the addition me alkali, is 
decomposed by ‘ififwsions Of tan.» | 

When the coagulum is kept ‘some weeks in he part of 
nitric acid, and is of water, it is Converted into adipocire. 
Muriatic, acetic, and oxalic acids dissolve the coagulum ; 
but neither citric nor tartaric have any action on it. 

The serous part of the chyle, when heated, becomes 
slightly turbid, and deposits flakes of albumen. ‘The clear 
liquid, by evaporation to half its bulk, deposits crystals, bear- 
ing a strong resemblance to sugar of milk. They are soluble 
in 20 parts of water at 60° Fahrenheit, or in four of boiling 
water, and the taste of the solution is extremely sweet. By 
nitric acid, they ate converted into & white powder, having 
the properties of saccholactic acid, as described by Scheele. 

The: destructive distillation of the ‘serous part of chyle af- 
forded a minute quantity of charcoal, with traces of phos- 
phate of lime, and of inur iate and carbonate of soda. ; 

From these experiments, it appears that chyle beats a 
striking analogy to milk, hot only in its external appearance, 
but in eheitest properties and composition. It must be 
acknowledged, however, that the résults, which have béen 
described, are not perfectly coincident with those obtained 
by Emmert and Vayquelin, each of whom submitted to ana- 
lysis the chyle of the horse. “Etttert ‘was unable to discover 
the smallest trace of sugar of milk *; and Vauquelin found 
also, Ist, a large proportion of albumen; 2d, a smaller one 
of fibrin; $d, a fatty substance, which gives to the'¢chyle the 
appearance ‘of milk; ‘and 4thly, ‘several salts, such as potash, 
muriate of potash, and pro-phosphate'of iron}. Berzelius, 
also, appears ‘to distrust the analogy between chyle oe 
milk +. | 
CUNT To wie OED GS Ula A oe pe sti 

* 80 Ann. de Chimie, yen + 81 Ibid, , 118. 


i View of Animal Chemistry, P 74, 
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SECTION IV. 


Of the Mucus of the Nose; the Tears; the Humours of the 
Bye; and the Liquor of Surfaces and of Cavities. 


“1, The mucus of ihe nose was examined by Fourcroy and 

Vauquelin, in the state in which it is discharged during 

catarrh, Its principal qualities appear to be owing to the 

large proportion, which it contains, of the substance termed 

by Dr. Bostock animal mucus. By exposure to the air, 

this substance becomes viscid; but, when recently secreted, 

its consistence does not appear to be thicker than that of 
tears. It contains, besides other neutral salts, a small pro~ 
portion of carbonate of soda; and hence it precipitates the 

‘solutions of barytes and ‘of lime. Water does not dissolve 

it, and it can only be brought into a state of diffusion by agi- 

tation. ‘The acids thicken it, when used in small quantity ; 

but in a langer proportion they dissolve it. Pure liquid 

alkalis decompose it, and extricate ammonia, Oxymuriatic, 
acid renders it thick and dry; and reduces i it to.a state almost 

resembling parchment. 

_ Berzelius found the mucus of the nose to consist of 


WV HEOE oe hong SPOOL ERT SEW hs tb DUS SAE 
Mucous matter . data’ « blslaaie pitas nee 
Muriates of potash and soda... .. ese a : 
Impure lactate of soda........+005+. 0.9 
' Albumen and‘animal matter, insoluble ox 
in water, but soluble in alcohol . } 


- 1000. 


2. The tears ‘appear to differ from the mucus of the nose 
in no respeet, except in being of a more fluid consistence. 
_ They are perfectly pellucid, havea saline taste, and a spe- 
cific gravity rather greater than that of water. ‘They change 
the colour of syrup of violets to green, owing to their con- 


> 
2 


346 COMPLEX ANIMAL PRODUCTS. CHAP, XXIII. 


taining a portion of uncombined soda. Mr. Hunter found 

that when tears are exposed to a temperature of 160°, a 
coagulum is formed; and that a substance still remains in 
solution, which is coagulable by Goulard’s extract of lead. 
These properties indicate the presence both of albumen and: 
of mucus. _ By evaporation, the tears afford a yellow extract, 
which is insoluble in water, but is readily soluble in alkalis. 
Sulphuric acid disengages from this extract both carbonic. 
acid and muriatic acid gases. After its combustion, phos- 
phate of soda and igenhate of lime are also discovered in 
it. Fresh tears are decomposed by oxymuriatic acid, and a 
precipitate is thrown down in flakes, which resembles the 
matter obtained by evaporation. Tears, therefore, are com- 
posed of water; an animal fluid resembling albumen; another 
fluid which is probably mucus; and various neutral salts. 

3. The ‘humours of the eye. The aqueous humour is a. 
clear transparent liquid, of the specific gravity 1009. It has 
little smell or taste, and scarcely affects blue vegetable co- 
lours. By evaporation it leaves a residuum, amounting to 
about 8 per cent. Boiling occasions a slight coagulation ; 
and tan precipitates it, both before and after being heated. . 
Nitrate of silver precipitates muriate of silver from it, but no 
other metallic salts affect it. Hence it may be inferred,: 
that the aqueous humour consists of a large proportion of 
water; and of albumen, gelatine, and several neutral salts. 

The vitreous humour agrees with the aqueous as to the 
nature of its ingredients, ma differs only in their proportion. 
In the crystalline lens, both albumen and gelatine are pre- 
sent in considerably larger quantity. Itis soluble in cold 
water; but the solution is coagulated by heat, and by the 
addition of tan. Its specific gravity is nearly 1100.—It ap- 
pears, therefore, that all the humours of the eye are composed 
of the same ingredients, and differ only in the proportion 
which they bear to each other. 

_A recent analysis of the humours of the eye by Berzelius, 
has determined their composition as follows. 
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. _ Aqueous Humour. Vitreous Humour. 
Water SMPs wi tis 985102; evce eee 98.40 
Albumen.. eoeseee ey, .. a trace S@e¢ceseesetve 0.16 
Muriates and lactates .:.. 1.15.......... 1.42 
Soda with animal matter 
soluble in water E sia Rs OFFS Cee Re 0.02 


100. 100, 


» 


The iens of the eye was found to be composed of 


POURED sap iree TO eONeen aly ie wa ot 


Peculiar matter voce je bs peels ca wot deo . 35.9 
-Muriates,lactates, and animal instier ants $e 9.4 
itp aléohol® 53 APA ATES je pLes 


Animal inatter soluble only in water ....... 1.3 
* Insoluble membrane wf 0020. Bees 2 


es 100. 


; 
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4, Liquor of surfaces. On the: surface of every cavity 
throughout the body a fluid is constantly poured out, in 
sufficient quantity to lubricate the parts; and occasionally, 
also, to keep certain cavities in a state of distension. To this 
head may be referred the fluid which’ moistens the pleura 
and the peritonzeum, and the contents of the pericardium, of 
the ventricles of the brain, and of the amnios, It is only a 
‘part of these, however, that have been accurately examined. 
The liquor of the pericardium has been analyzed by Dr. 
Bostock. It had the appearance of the serum of the blood; 
and when exposed to the heat of boiling water, became opake 
and g gelatinous. By slow evaporation it left a residuum equal 
to 1, of the whole. It was precipitated by oxy-muriate of 
mercury; after the action of which infusion of galls had no 
effect, but a copious sediment was produced By Goulard’s 
extract. - From these characteis Dr. Bostock is disposed to 
consider it as a compound of albumen and mucus with mu- 
riate of soda and water, but without any gelatine. The 
following proportions he assigns as approximations : 
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Watered sinwiade ve. s 92 
A thumeind: je ikrde deanGes 
git. vee 2,050.4 008 a. 
Muriate of soda ...... 0.5 


100* 

The liquor of the amnios, or the fluid which surrounds the 
foetus, is stated by Vauquelin and Buniva to be remarkable, 
in the cow, for affording a peculiar acid, already described 
under the name of the amniotic; but Dr. Prout, who has 
lately examined this liquor with much attention, was not 
able to detect any such principle}. “The liquor, on which 
he made his experiments, had the sp. gr. 1.013. Its taste 
was bland and sweetish like fresh whey; and, when concen- 
trated by evaporation, it yielded crystals of sugar of sig 
It consisted of 


nF ra ah end tags, Nerbndiip Bhs «al > 
Papuen. Vr cle ke eee Real hgh « 2.6 


Substance Sciuble't in ‘alcohol PE ee Bae 

Saline substances and sugarof milk ..° 3.8. 
tr 
1000 


In the human subject, the composition of the liquor of the 
amnios is entirely different; none of the amniotic acid ap- 
pearing to exist init. The only ingredients, that are found 
in. it, are albumen, gelatine, with a portion of muriate and 
carbonate of soda and some phosphate of lime. It is pre- 
cipitated by heat, by acids, by aisha, and by infusion of 
galls. 

5. Lymph. The fluid found in the PE duct of ani- 
mals that have been kept24 hours without food, is perfectly 
transparent and. colourless, and seems'to differ, in no respect, 
from that which is contained in,the lymphatic vessels. Its 
properties are described by .Mr. Brande as follows: 

1. It is miscible in every proportion with water. 

2. It produces no change in vegetable colours... 


Se 


* Nicholson’s Journal, xiv. Ags + ‘Thomson’s Annev. 447, 


SEGT. IV.’ ro) 0% {SYNOVIAL . ) 849 


3. It isneither coagulated by heat, by acids, nor by alco- 
hol, but is rendered: slightly turbid by the last-mentioned 
agent. | 

4, It gives, on evaporation, a very sparing residuum, 
which turns the colour of violet paper green. By incinera- 
tion, this matter gives a very little muriate of et but no 
a 

.« When submitted to idaotrdil bodies | there was an 
Siena of alkali, and a separation of albumen, at the 
negative pole. At the positive wire, muriatic acid only 

_seemed to be evolved. 

6. Synovia.. This fluid which is found in the cavities 
* of the joints, may, from its office in lubricating the parts 
_ in which it is found, be described in this place, though in 
composition it differs considerably from the liquor of sur- 
faces. It is at first a viscid liquid, but soon becomes gela- 
tinous; and, after remaining some time in this state, again 
assumes a fluid form and deposits) a,fibrous matter. Al- 
cohol separates from it a portion of albumen, but the remain- 
ing liquid remains viscid. Acetic acid destroys its viscidity, 
and precipitates a quantity of white threads, which have a 
striking resemblance to vegetable gluten. The same sub- 
stance is precipitated by the mineral acids, but not unless 
they are diluted with a large quantity of water; for in their 
concentrated form, they hes the power of dissolving it. 
By continuing the analysis, several neutral salts may be ob- 
tained, and the proportions of the entire fluid have thus 

been stated by Margueron *. 


Fibrous matter eeoeeesne 11.86 
Albumen eres eeeone eee 4.52 


Muriate of soda ....... 1.75 
BOG ah withinigtts (al. Gs » O71 
Phosphate of lime. 0.70 


Thar uy Apek gore ties 94) 80.46 


* Annales de Chimie, xiv. 
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7. The fluid of perspiration has been examined’ by Ber- 
zelius; but under the disadvantage of operating in a very 
small quantity. A few drops, collected and evaporated on 
a watch glass, left a yellowish residue, having all the ap-— 
pearance, under the microscope, of the usual mixture of 
muiriates of potash and soda with lactic acid, lactate of 
soda, and its accompanying animal matter. It reddened 
litmus; and dissolved in alcohol; and was, without doubt, 
‘of the same nature as the analogous matter found in other 
animal fluids. ‘The acetic acid, hyhich Thenard_ supposed 
he had discovered in the fluid of perspiration, was most 
jpyeran'y a product of his mode of wpertngs 


SECTION v;. 


of the Urine and Urinary Calculi: 


‘Tur urine, though one of the most complicated fluids | 
se the animal body, containing at least a dozen different 
substances, is perhaps one of those, the composition of 
which is now best understood. For a long period of time, 
the attention of chemists seems to-have been limited to the 
extraction of phosphorus and neutral salts from urme; but 
a new direction was given to their labours, by the valuable 
discoveries of Fourcroy and Vauquelin*. The analysis of 
the urine has been prosecuted, also, with great success in — 
this country by Cruickshank +; in Spain by Proust+; and. 
recently by that indefatigable philosopher, Professor Ber- 
zelius of Stockholm §. And though some important facts 
have been contributed by other persons, yet it is chiefly to _ 
these writers that we are indebted for the materials of its 
chemical history. 

The external properties e fan urine her no Bib es 
tion ; and indeed none would Bi universally to a fluid, 
* Annales de Chimie, xxxi. 48. er EO Mag. ii. 240. 

+ Annales de Chimie, xxxvi. 258. . § Thomson’s Annals, ii. 416. 
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which is singel varying, not only in the diseased but 
in the healthy state of the body. The following account of 
its chemical properties is to be understood as applying to 
the urine which is voided early in the morning, or at least 
several hours after a meal. In this state it has a deep 
yellow colour, and an intensely bitter taste. Its specific 
gravity is variable. Dr. Bryan Robinson fixes it at 1030, 
_water being 1000; and Mr. Cruickshank found it to vary 
from 1005 to 1033. From my own experiments, I am dis- 
“posed to consider the number stated by Dr. Robinson as a 
fair general average. 

-* The substances, which appear to me to have been satis~ 


factorily proved to exist in healthy urine, are the “fol- 
owing: @ 


1, Water. ‘» 11. Albumen. 
2. Free phosphoric deik 12. Lactate of ammonia. 


-» 3. Phosphate of lime. 13. Sulphate of potash. 


4. Phosphate of magnesia. 14, Sulphate of soda. 
5. Fluoric acid. 15. Fluate of lime. 
_ 6. Uric acid. : 16. Muriate of soda. 
Te Betizoic acid. 17. Phosphate of soda. 
8. Lactic acid. 18. Phosphate of ammonia. 
9. Urea. 19, Sulphur. 
10. Gelatine. 20. Silex. 


The presence of an uncombined acid in urine is shown 
by its invariably, when recently voided, reddening blue ve- 
‘getable colours. This effect is owing partly to the phos- 


_ phoric, and partly to the lactic and uric acids, which urine 


contains. ‘The lactic and phosphoric acids form the sol- _ 


_ vent, by which the phosphate of lime is retained in solu- 


‘tion; and, if this portion of acid be saturated, the earthy 
salt is precipitated. ‘Hence a few drops of pure ammonia, 
added to recent urine, occasion a white cloud, and a sedi- 
ment of neutral phosphate of lime falls, in the proportion 
of about two’grains. from, four ounces of urine. If lime- 
| Water be mixed with urine, a still larger quantity of phos- 
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7a 


‘temperature).'the uric aci 
"great measure. deposited i 


phate of lime is deposited; for the newly added earth 
unites with thé free phosphoric acid,, and a. quantity of 
phosphate of lime is generated, in addition to that which 
before existed in solution. In the precipitate, formed by 
either of these processes, a small proportion of magnesia is 
discoverable, which existed, no doubt, in. combination 
with phosphoric acid. The sediment contains, also, ac 
cording to Berzelins™, fluate of lime, The presence of 
the last-mentioned ‘substance was ascertained by a 
phuric acid, which set at liberty vapours of fluoric pein A 
sufficient quantity to corrode | glass. a 
- When the urine. has stood for about 24 hours at a mean 4 
and phosphate-of lime are in a 
fand still more speedily and com- 
pletely, if the urine be first evaporated to half its bulk. 


_ They may be separated . from each other, either by diluted 
“nitric acid, which leaves the uric acid, and takes up only 


a 


. the phosphate of lime; or by calcining the mixture in a rede 


heat, which destroys the uric acid, but not the caleareous- 


phosphate. By this operation, the uric acid is found to ~ 


vary considerably; but the phosphate of lime is pretty con- 
stantly 1 in the proportion of a grain from two ounces of 4 
urine. The quantity of uric acid, obtained from. urine, is ; 
greatly increased by adding to that fluid almost any other 


acid, and allowing it to stand for some days; at the end of | 


ee proved by adding muriate of barytes, to urine acidulated 


which time small @yaaling grains will be found Ps the 
inner surface of the vessel +. re yr 
The existence of salts, containing salaburic acid, i in uring, 


with muriatic acid. This excess of acid. ‘prevents the pre- 
cipitation of the phosphates, which would otherwise. be de- 


‘composed by the barytic salt.. From the weight of the preci~ ‘ 


pitate, Berzelius computes that the proportion of sulphuric” 
acid in urine exceeds that of phosphoric acid.—If nitrate 


_of eee with an CXOOSS, of nitric nacit be employed ou | 


* dongs de Chimie, iid 56, « a 4 Tharnson’ cieetie ii, 416. os x 
q Egan, aap! Magazine, XXL. iF oa nh 
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if the urine, after depositing the sulphate of barytes, be 
f: evaporated, a further portion of sulphate of barytes is de- 
posited in small hard crystals. . Now’ the ‘sulphuric acid, 
which occasions this second production of the barytic sul- 
_ phate, must have been formed during evaporation; and 
* can only be accounted for by-supposing, that a portion of 
s sulphur, existing in the urine, has been acidified by the ex- 
ae _ cess of nitric eid : ere 
: When. uriné, which has deposited its phosphate of lime 
and uric acid, is submitted. to distillation, a liquid con- 
4 denses in the receiver, which has a very peculiar and, nau- 
- seous smell, and effervesces strongly with acids,’ in conse- 
* quence of its containing carl onate of ammonia. In the 
A retort there remains a ‘ocil , which, if evaporated to 
the consistence of honey, | composes - frova, 1.40) a2 the 
~ dpeight of the urine. 7 


Vhen a little of this extract is vadied 
a) a quantity of nitric acid, diluted with an equal weight of 
' water, a number of shining white, or yellowish sites are 


tion of 4 or 2 the RENE of the extract. This precipitate 
4 is Siiioned by the action of the nitrie acid on the urea, 
_ which is contained in urine; and to the decomposition of 
the same substance is owing the carbonate of ammonia, ob- 
- tained from urine by distillation. (See the section on Urea.) 
: - .From the extract of urine, the peculiar substance, called 
urea, may | be separated by digesting the extract repeatedly 
+. ~ with alcohol, and decanting the solutions, which are to be 


‘a but ‘it has been stated, by Mr. Cruickshank, at about o> 
the weight of the urine, or one half the inspissated pa 
Se vizact. “The undissolved residue contains lactic acid and a 
‘3 . number of neutral salts, consisting of muriate of potash, 
-muriate of soda, phosphate of, faa, and phosphate and 


lactate of'ammonia. Muriate of ammonia is, also, occa- . 


vo es eats found, and ‘is dissolved, along with the urea, by 


e. - the alcohol. These salts adinit of being separated from, 


a each other by solution and evapor ation. “The muriates, at 
in VOL. II. : Ms 7" : a Di A ee bs 


4 pre: Sain the boracic acid, and in the propor- 


~ gently eva porated. Its proportion varies very eR Su sm 


&:. 
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a certain degree of. concentration, form a pellicle, which 
is. to be removed while ‘the liquor is hot. The solution, 
when cold, deposits two sets of crystals; rhomboidal 
prisms, which are the phosphate of ammonia; and rec- 
tangular tables, consisting of phosphate of soda. . 

wong with the urea, a portion of benzoic acid is, also, 
taken up. by the alcohol. The presence of this acid in 
urine may be shown, by evaporating it to the consistence of 
syrup, and pouring in muriatic acid ; when a precipitate 
appears, which consists of benzoic acid. In human urine 
its proportion is small, and Berzelius could: not even dis- 
cover a trace of it; but in that of herbivorous quadrupeds, - 
so large a quantity exists as to be worth extraction. On 
the average, Vauquelin has shown that it for ms sie sos 
of the urine of this.class of animals*. _ 

if human urine be evaporated to the consistence of yelp 
only, and alcohol be added, the substance remaining un= 
dissolved, isacid. This acid Shee with ammonia, and. 
the compound is soluble in alcohol. From this solution 
the ammonia is disengaged by lime; and from the new salt 
thus formed, the ithe may be precipitated by oxalic acid, 
which leaves the Jactic acid dissolved in water. By this. 
process, a small part only of the lactic acid is obtained — 
from urine; the greater portion of' it being dissolved by 
the alcohol, together with the lactate of ammonia. 
_ Albumen, gelatine, and mucus exist, also, in the urine, 
but in very variable proportion. "When urine is heated — 
' nearly to the boiling temperature, a white flocculent preci- — 
pitate often forms in it.. This isin part phosphate of lime, _ 
thrown down by the ammonia resulting from the decompo- 
‘sition of urea; but it also contains coagulated albumen, 
which remains after adding muriatic avid to dissolve the 
calcareous phosphate. In dropsy, the proportion of — 
albumen is often sufficient to produce a distinct coagu-. 
lation both by heat and. acids. ' Gelatine is ‘discovered, on. 


t 


* Annales de Chimie, lxix. 311. 
a 


7! 


‘ 
“a 


iad 


SECT. Wei ts URINE. ) 355 


adding infusion of wait by a rocipitate which amounts, 
penordinig to Mr. Cruickshank, to one zi, part the weight 
of the urine. 

- Mucus, also, is ‘suspended 4 in all nee evacuated uriney 
and ¢ affects ‘its per fect transparency. If the urine be voided 
sapere periions, the mucus, which naturally lines the 
urinary passages, is most abundant in the first, and less.so 
in the subsequent. portions, When recent urine is filtered, 
the mucus remains on the. filter, in the form of transparent 
and colourless flucculi. The cloud, which appears in the 
urine during fever, is merely, this mucus, which subsides 
more slowly than usual, in consequence of the increased 


; “specific gravity of the urine. From urine filtered when 
J warmy a gr eyish white sediment falls in cooling, which 


gradually acquires a reddish hue. and a: ea dalling form. 
The greyish powder is soluble-in caustic potash, without 
_ any evolution of ammonia; but, as it becomes red and. 
Oy -votallized, potash disengages emmonia from it in abun- 


. dance... Berzclius ‘considers it, therefore, as urate of am- 
_ monia with. excess of acid... The deposit is partly soluble, 


also, in acetic acid, which extracts a substance having the 


characters of mucus, There appears, indeed,. to bs an. 
: affinity between uric acid and: mucus; for that acid sepa- 


rates most abundantly from urine, which has not been de- 


- prived of mucus by filtration. -In some diseases of the 


, bladder, its mucous secretion appears to undergo a consi- 


~ derable change, and to assume a purulent appearance *, 
Sulphur was first discovered in urine by Proust. This 
fluid, he observes, blackens silver vessels in which it is 
evaporated, and scales are detached which consist of sul- 
_ -phuret of silver. Sulphuretted hydrogen gas, he finds 
also, is disengaged from urine which has been kept about 


_ fifteen days; a remark, meigh has since been made, also, 


5 


by. Vogel. 
' The same aii cuished! chemist - supposed that he had 
discovered carbonic acid in ae, by examining the air 


al ; an 95 


¥., ** Berzelius in Thomson’s Annals, ii, 420, K 


“242 
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bubbles which arise from this fluid during ebullition. Flere 
can be little doubt, however, that the carbonic acid, thus 
detected, arises from the decomposition of urea by the int 
creased temperature. To the same source, also, (urea) 
may be referred the carbonate of lime, found by Proust on 
the surface of casks in which urine had been kept. By the 
decomposition of urea, carbonate of ammonia is formed; 
and this, re-acting on the phosphate of lime contained in 
urine, would doubtless compose carbonate of lime. ‘Fhe 
occasional presence of the sulphate of soda rests on better 
evidence; for it frequently happens that only a part of the 
precipitate, formed by adding muriate of barytes to urine, 
is dissolved by muriatic acid; thus indicating the ght as 
of sulphate of barytes. ; 
The acetic acid and resinous matter, which eed ima= 
gined he had discovered in urine, may be accounted for by 
supposing, that they were produced, rather than separated, 
by the processes which he employed. At least their exist= 
ence in healthy urine is equivocal ; and it is not improbable 
that this excellent chemist mistook the lactic for acetic. 
acid. ‘The acetic acid he obtained by distilling a fresh ex- 
tract of urine with sulphuric acid; and the resinous matter 
by diluting the residue of this aictiivitel when beginning 
to grow thick, with a large quantity of cold water; the 


cake of acid being afievwatrds removed by a little alkali. — 


‘The resin thus produced he found to bear a a re- 


semblance to castor. 
Berzelius discovered siliceous earth in urine’ by teating 


extract of urine, first with alcohol, then with water, and — 
finally with muriatic acid. The silex remained in the fornt 
‘of a grey powder, which, by fusion with soda, became 

‘glass, Its source he apprehends to be in the water, which ~ 


‘we drink, which almost universally contains silex. 


With regard to the proportion of the different ingre- — 
dients of urine, Berzelius finds that it differs essentially in _ 
the same individual, even from causes which have little in- — 
fluence on health. The following ‘Table may be considered 


_as shewing ‘its average composition. 


t 
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Phosphate of soda. 0 sGe alas piane mene StER 3) Bde 
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P66 DL ACHLGs BEIT 6 die. iyia. 4.010; 9 apd jaye apne 
Lactate of ammonia. ........... mS 
Animal matter soluble in alcohol adh ac- | 
17,14 
companying the lactates ...... 
Animal matter ahablas in aleohol..... ss 
Urea not separable from.the above...... 
Karthy phosphates with a trace of Fluate 
1.00 
Bit RV EVEN se on he Lone Braley a nutee Be A 
Me PUSHEUL sea Te gi sie ek ae PTO ae OO 
Mucus of the Bladder fh Do aoe aE Se Sy ABD 
SUCRE GS Bis 5 SSF anit Mb apa iararss @e*eeee? 0.03 


1000. 


The 17.14 parts of lactic acid &c. contain a quantity of 
water, which cannot be abstracted without decomposing 
those bodies. The uric acid is extremely variable; but in 
the particular instance, which furnished the above results, 
_ It was deposited on cooling. The earthy phosphates con- 
tain 11 per cent more magnesia, than exists in the earth of 
bones, or in the ashes of blood. Much more potash is — 
_ discoverable, also, in urine and in milk, than in blood. 
_ The putrefaction of urine is attended with a series of 
‘changes, somewhat analogous to those accompanying its 
distillation, The urea, which it contains, is decomposed — 
and converted into carbonate of ammonia, which neu- 
tralizes all the redundant acids, and precipitates phosphate 
of lime. At the same time, the ammonia, uniting with 
the phosphate of magnesia, composes a salt, which settles 
in white crystals on the inner surface of the vessel. This 
salt is the ammoniaco-magnesian phosphate, which con- 
“stitutes so large a part of some urinary calculi. The al- 
bumen and gelatine contained in the urine also undergo 
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decomposition, and flakes are deposited, which ¢onsist of 
both these substances, Acetic acid is generated, and be- 


comes saturated with ammonia, : Acetate and carbonate of. 


ammonia, and. the. ammoniaco-magnesian phosphate ap- 


pear, therefore, to be the priicibal: substances generated — 


by the putrefaction of urine. 

‘Some important facts have been tee seer by Mr. 
Cruickshank, respecting the changes that the urine under- 
goes in different diseases. In dropsy, the urine was coa~ 
gulated so completely by heat and by acids, as to differ 
but little from the serum of the blood. "When this disease, 


however, arose from a morbid state of the liver, the urine. 
was not coagulable ; but was observed to be small in: 


quantity, high coloured, and to deposit a considerable por- 
tion of pink sediment (probably the substance rosacee of 
Proust). In inflammatory affections, the urine was found 
to be loaded with albumen. In gout, towards the end of 


the paroxysm, the urine deposited a lateritious sediment, 
which consisted of a very minute quantity of uric acid, a. 


larger quantity of phophate of lime, and some peculiar 
animal fluid not soluble in water. The urine of jaundiced 
persons contained.a small quantity of bile, which was dis- 
coverable by the addition of muriatic acid. Hysterical 
urine was remarkable for a large proportion of saline i ingre- 
dients, but had scarcely any Raat matter. 

_ The composition ‘of the urine differs essentially i in the 


a " 


different classes of animals. ’ Urea appears to be a consti- a 


tuent of the urine of all animals, so far as it has hitherto 
‘ ‘been examined; but the uric acid is not found i in herbivd- 


yous quadrupeds, the'urine of which contains, ‘instead of 
if, a large proportion of benzoic’ acid. That of the horse _ 


and of the rabbit. are remarkable for becoming milky after . 


being voided, in consequence of ‘the deposition of car- 


Beate of lime, -The urine of the rabbit contains, also, car- ., 


‘bonates of magnesia and ‘potash, ‘and sulphates of potash. 


and lime. “The urine ‘of the’ cow, “besides ‘a larger pro- 
portion of benzoic acid, holds in solution eases ROM and 


ka of ain and n muriate of. Boldt STE! urine of : 
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domestic fowls, which is voided through the same passage 
as the excrement, was found by F ourcroy and Vauquelin, 
and more lately by Chevreul, to contain uric acid. And Dr. 
‘Wollaston has determined the proportion of uric acid to be 
greatest, in the urine of birds that feed on animal food. In 
the hawk, fed on flesh only, it was remarkably abundant; 
and the gaunet, feeding solely on fish, discharged no solid 
matter except uric acid *. The uric acid has been found, 
also, by Dr. Prout + to constitute upwards of 90 per cent 
of the excrement of an animal, belonging to a different 
class, the serpent called boa constrictor. Mr. Brande, some 
years ago, discovered it in the urine of the camel. But, 
‘on the other hand, Vauquelin has proved that it is entirely 
absent from the urine of the lion and tiger, though fed on 
flesh, and though their urine abounds in urea f. 

Urinary catcuui. Connected with the analysis of urine 
is that of the concretions, which are found in the bladder, 
and which occasion a disease, equally formidable from its 
spmptoms and its remedy. Little was known respecting 
their chemical composition, till the time of Scheele; to, 
_whom we owe on this, as on many other subjects, the first, 
and therefore the most difficult steps towards accurate ana- 
lysis, By the discovery of the uric acid in one of the most 
common varieties of calculus, and in the ordinary urine, he 
paved the way to every thing that has been since ascer- 
tained, respecting other varieties; and his experiments 
have been most ably followed up by those of Dr. Wollaston, 
and of Fourcroy and Vauquelin. It is but justice to Dr. 
Wollaston, however, to state that the principal distinctions 
of the several species of calculus were pointed out by him 
in the year 1797§, in a memoir not less distinguished by 
the importance of its facts, than by the simplicity with 
which they are narrated. ‘Two years: afterwards the expe- 
riments of Fourcroy and his associate were communicated 


~* Phil-Trans. 1810. + Thomson’s Annals, v. 413. 
{ 82 Ann. de Chim. 199. : 
§ See the Philosophical’ Transactions for that year. 
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to the National Institute; so that the title to priority un- 
questionably belongs to our own countryman. 

The ingredient of urinary calculi are much Jess nu- 
merous than those of the urine. ‘The following appear to. 
be the only substances, the existence of which, in con- - 
cretions of. this sort, is sufficiently established; v2z. uric - 
acid; phosphate of lime; ammoniaco-magnesian phos- 
phate; oxalate of lime; silex; and an animal matter, which. 
serves the purpose of a cement to the earthy ingredients. 
To these, Proust has added the carbonate of lime *; but, | 
in this instance, there is reason to doubt of an authority 
which is in most cases unquestionable. It is scarcely ever . 
that any of these substances is found singly. Nevertheless, 
the predominance of some one of them gives to the con+ — 
cretion its peculiar characters; and determines the genus 
to which it should be assigned. Several arrangements of 
urinary calculi have been Teaeriasid, Bouscrsy and Vau- 
quelin have enumerated three genera, which they: have 
divided again into no less than twelve species. In these. 
guiidivisions, however, several minute differences have been 
attended to, which are scarcely sufficient grounds for spe- 
cific distinctions; and it appears to me sufficient for every 
purpose of arrangement to class them under the four fol~ 
lowing heads. | . 

I. Calculi which are chiefly composed of uric acid : 

TI. Calculi principally erin of the ammoniaco- 
magnesian phosphate: 

III. Calculi consisting, for the most part, of phosp | 
of lime: 7 

LV. Calculi which derive their char acteristic shia = 
from oxalate of lime; and . 

V. Calculi composed of the substance Jenesied by Dr. 
Wollaston, and called by him cystic oxide. 

I. The calculi composed entirely of uric acid are of very 
rare occurrence; but those, in which it prevails, and gives 


‘ 


* Annales de Chimie, xxxvi. 
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the character of the species, form a very considerable pro- 
portion. _ Calculi of this kind are of various sizes, from 
that of a bean to that of a large eog. ‘Their shape is most 
commonly a flattened oval; but when more than one are | 
found, they acquire, by friction against each other, several 
sides and angles. ‘The best view of their internal structure 
is obtained by sawing them through their longest and widest 
diameter, when they exhibit generally a central nucleus, of 


" more compact texture, and greater hardness and lustre, 
-than the rest of the stone; but generally of the same figure. 


From this to the circumference, a number of distinct layers 
are perceived; and these layers, when the calculus is broken, 
exhibit a radiated structure, the radii converging towards 
the centre. The harder varieties, when divided by the saw, 
admit of some degree of polish, and bear a considerable 


resemblance to wood. Their colour is various, but generally 


of different shades of yellow, from pale straw yellow to a 
deep shade of that colour, approaching brown, or sometimes 
brown with a mixture of red. Their specific gravity, 
according to Fourcroy, varies from 1.276 to 1.786; but 
generally exceeds 1.500. 

The chemical characters of calculi of this kind resemble 
those of the uric acid. When burned in a crucible, they 
emit the smell of horn, and are almost entirely consumed ; 
a black dense coal remaining which amounts to about 4 
the weight of the calculus. ‘They dissolve, either wholly or 
in great measure, in solutions of pure potash and pure soda, 
and are precipitated again by acids. A very striking g pro~ 
perty of this sort of concretions is, that when a few grains 


are heated with a small quantity of nitric acid, and the | 


‘ mixture evaporated to dryness, a beautiful red substance 


4 


remains, which dissolves in water and tinges the skin of the 
same colour. ee 
IJ. The ammoniaco-magnesian phosphiate i is scarcely ever 
found without an distin of some other substance, espe- 
cially of a small proportion of phosphate of lime. Calculi 
of this sort are easily discriminated, from those of the first 
species, by their colour, which is white, and generally pure 
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white. They attain a much. greater size than mric acid 
calculi; and, in one or two instanées, have increased so as 
to fill the whole capacity of the bladder. The layers. are 
distinguishable only by different degrees of hardness and 
density; and small cells are often formed by the interrupted 
deposition of these layers, which are lined with sparkling _ 
crystals. The calculi of this kind are soft, and their powder . | 
dissolves sufficiently in the mouth, to give a distinct sweetish 
taste. | 4 
‘Boiling water acts upon the ammoniaco-magnesian phos- 
phate; and the calculus loses about -4, of its soil which 
‘is deposited, on cooling, in the feral of shining crystals. 
‘When exposed to heat they first become black, emit a 
smell of ammonia, and a white powder is left, which fuses 
when the heat is more strongly urged. From this property, 
Dr. Wollaston gave them the name ‘of fusible calculi. Most 
acids (even sulphuric acid of the specific gravity 1020) dis- 
‘solve them rapidly, and deposit them again on the addition 
of alkalis. Pure alkalis do not dissolve them, but disengage 
ammonia. ‘I’o extract the phosphoric acid, Dr. Wollaston 
dissolved the calculus in acetic acid, and precipitated the 
phosphoric acid by an excess of acetate of lead. To the 
clear liquor, sulphuric acid was added, which threw down 
_ the excess of lead, and, at the same time, formed sulphate 
-of magnesia. Evaporation to dryness removed the acetic 
acid; and, by raising the heat, the sulphate of ammonia 
and excess of sulphuric acid were expelled; leaving thesul- — 
phate of magnesia pure, and capable of forming erytials by 7 
solution pad evaporation. | 
Ul. The third species of calculus, abitigeet chiefly of. 9 
phosphate of lime, is usually, on its outer surface, of a pale 
brown colour, and so smooth as to appear polished. When — 
sawed, it is found to be regularly laminated, and the layers } 
adhere so slightly, as to be readily separated into concentric _ 
coats. Internally the colour is white, but not of that pure 
and brilliant kind, which distinguishes the ammoniaco- — 
‘magnesian. phosphate. ‘The small ery stals, also, which occur 
mM this former variety, ,are never found in: this; sand. its 
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‘powder, whien rubbed between the fingers, is cues 
more harsh and rough. : 
The phosphate: of lime calculus diadeves though slowly, 
‘in diluted nitric; muriatic, and acetic acids (but not in 
sulphuric acid of the specific gravity 1020), and is preci- 
pitated unchanged by alkalis. A small fragment put into a 
drop of muriatic acid, on a piece of glass over a candle, is 
soon dissolved; and, when the’acid is evaporated, crystallizes 
in needles, which make angles of 60° and 120° with each 
other. This property Dr. “Wollaston considers as a haaty 
delicate test of the phosphate of lime. | 
IV. Calculi of the fourth kind, though thet composition 
was not ascertained, have been zit distinenished from 
others, by the peculiarities of their external characters, under 
the name of mulberry calculi. This epithet Has been derived 
from their resemblance to the fruit of the mulberry. They 
are of a much darker colour than the other varieties, and 
are covered, generally, with a number of projecting tuber- 
cles. Their hardness greatly exceeds that of the other kinds; 
for it is not easy to reduce them to powder by scraping with 
a knife. They have also a greater degree of specific gravity, 
varying, according to Vourcroy, from 1428 to 1976. 
~ Calculi of this species are soluble in muriatic and nitric 
acids; but not unless the acids are concentrated ‘and heated. 
The solution by muriatic acid has’ deep brown colour, but 
deposits white crystals on cooling. Pure alkalis do not 
decompose this variety of calculus; but when it is digested 
with alkaline’ carbonates, the oxalic acid is separated, and — 
replaced by carbonic acid. 'To exhibit the oxalic acid in a 
separate state, the oxalate of potash may be decomposed by 
acetate of barytes or super-acétate of lead, and the oxalate | 
of lead or barytes by sulphuric acid. This is the process of 
Fourcroy; but Dr. Wollaston disengaged the oxalic ‘acid 
- by the direct addition of sulphuric acid to the pulverized 
calculus, and’ the crystalJization of ‘the acid which was thiis 
detached. Behe 
The ‘presénce of lime, ‘in this variety of calculus, is de- 
monstrated, ‘in ‘a very simple manner, by burning it in a 
7 


- 
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crucible, and strongly calcining the residuum: By the 
addition of water, we obtain lime-water. Silex is a very 
rare ingredient, and has been discovered in calculi, in one 


‘or two instances only. 


V. A new species of calculus fom the human bladder 
was discovered, by Dr. Wollaston, about the year 1805. It 
appears to be extremely rare; for in 1810, when its pro- 
perties were first described in the Philosophical Transactions, 
only two instances of it had occurred to its discoverer. With 
the assistance of Dr. Wollaston’s clear and accurate descrip- 
tion, and of the proper. experiments, I have recognized two 
ether examples, ina collection of calculi now in my posses- 
sion; and these four are, I believe, the only specimens of it, 
that have hitherto been met with. 

In external appearance, these calculi resemble more elite 
the triple phosphate of magnesia than any other sort’ of 
calculus; but they are more, compact, and do not consist of 
distinct laminze, but appear as one mass, confusedly crystal- 
lized throughout its substance. They have a yellowish semi- 
transparency, and a peculiar glistening lustre, like that of a 
body having ahigh refractive density. | Ree 

Under the blow pipe, the new calculus gives a Dapubbidy 
foetid smell, quite distinct from that of uric acid. Distilled 
in close vessels, it yields foetid carbonate of ammonia, partly 
solid and partly fluid, and a heavy foetid oil; and there 
remains a black spongy coal, much sei nadie in Breronontion 
than from uric acid calculi. 

It is so readily acted upon by chemical agents, that its 
characters are best taken from an enumeration of the few 
feeble powers, which it can resist. These are water, alcohol, 
acetic, tartaric, and citric acids, and saturated carbonate of 
ammonia; all which are incapable of bicapetouts it, except 
in very minute proportion. | | 

Its solvents, on the other hand, are far more numerous. 
It is abundantly dissolved by muriativ, nitric, sulphuric, | 
phosphoric, and oxalic acids; by potash, soda, ammonia, 


and lime water; and even by fully saturated carbonates of: 


potash and soda. When, therefore, it is intended to separate. 
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it from acids, the carbonate of ammonia is best adapted to 
the purpose; and, for the same reason, the acetic and citric 
acids are best suited to precipitate it from alkalis. ° 

Its combinations with acids crystallize in slender spicule, 
radiating from a centre, which readily dissolve again in 
water. Its compounds with alkalis form small granular 
crystals. : 

As this substance does not affect vegetable ioanstinse and 
has all the chemical habitudes of an oxide, Dr. Wollaston 
distinguishes it by the name of Cystic Oxide. | 

Such aré the principal kinds of urinary concretions. If 
any addition were made to the five classes, under which 
they have been arranged, I would propose to add two others ; 
the sixth comprehending those calculi, which contain several 
of the foregoing ingredients, in such a state of admixture as. 
not to be distinguishable without chemical analysis; and the 
seventh those, in which the different substance sare disposed 
in layers or in concentric strata. It may be proper, how- — 
ever, to give an outline of the classification, proposed by 
Fourcroy and Vauquelin, after the analysis of more than 
600 of these concretions. 


Genus ].—CaucuLi COMPOSED OF ONE INGREDIENT ONLY, 


Species 1. Calculus of uric acid. 
2, ——————- urate of ammonia *., 
_3.—————. oxalate of lime. 


Genus II.—Ca.cuLi COMPOSED OF TWO INGREDIENTS, 


Species 1.’ Calculus of uric acid and earthy phosphates in 
distinct layers. 
2, ————— of uric acid and earthy phosphates i in- 
‘timately mixed. | 


* The existence of urate of ammonia, as an ingredient of calculi, has" 
jately- been rendered very questionable, to say the least, by Mr. Brande, 
syith whose experience on this point my own entirely agrees. 


3 
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3. Calculus of urate of ammonia and the phosphates . 


in layers... 
he eet of the same ingredients. intimately 


mixed; 


5. ws earthy el dhanleates mixed or else i in 

fine layers. . 

of oxalate of lime and 1 uric, acid in- 
distinct layers. pred 

7. ——-+-—- of oxalate of lime wena ear aby pln 


nee in layers. 


6.) eeenity 


Genus TI1.—Catcurr composed OF THREE OR FOUR 
INGREDIENTS. jovi . 


Species is iGalgulna e uric iid or utate of ammonia, earthy 
phot ates, and oxalate of lime. } yor 

of uric acid, urate of ammonia, carthy 

phosphates, and silex. : ‘ay 


no 


_ The urinary ebnuisticins; which have seh che Gest 
the. bladders of inferior animals, differ from those: of the 
human subject in containing no uric acid, and in consisting 
chiefly of carbonate and phioaiiate of sake cemented by 
animal matter. 


SECTION VI. 


of Bones, Shells, Crusts, Horn, and Cinta 


THE bie: of animals, are composed partly of earthy 
salts, which give them solidity and hardness, ‘and partly of. 
animal matter, which serves the purpose of a cement, and | 
keeps the earthy ingredients in a state of union. By long 
continued boiling, a large part of the animal matter is 
_extracted, and a het is obtained, which concretes, on 
cooling, into a gelatinous mass. Hence bones contain 


a 
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gelatine as one of their ingredients. But besides this ani- 
malized substance, another is discovered by the slow action 
of diluted nitric or muriatic acid. Either of these acids 
dissolves both the earthy salts and. gelatine; and a soft 
flexible substance remains, retaining, in a great measure, 
the shape of the original bone. This soft and spongy sub~ 

stance seems to be analogous to cartilage; and is essential. 
- to the constitution of all organized bones and shells. Its 
production appears to be the first step in the formation of 
bone, and of the other hard coverings of animals. S n 
chemical composition, it-has been found by Mr. Hatchet 
(to whom we owe its discovery) most to resemble conaulina 
albumen. 

Besides the marrow, which is lodged in the hollow cavities - 
of bones, they contain, in the most hard and solid part of 
their substance, a proportion of oil. This oil makes its 
appearance/in a hard and suetty form, on the surface of the 
gelatinous mass extracted by boiling. It. exudes, also, from 
the bones of recent anatomical preparations; and a portion 
of it passes over, in-a separate but altered state, when bones 
are submitted to distillation. By this process, bones are 
deprived not only of their oily part, but the other animal 
substances which they contain are decomposed; a quantity 
of carbonate of ammonia is generated; and in.the retort 
- there remains the earthy ingredients blackened by charcoal. 
By a farther combustion in the open air, this charcoal. is 
destroyed; and the earthy ingredients are ieft in a perfectly 
white state. In this way large quantities of bones are dis- 
_ tilled for the sake of the carbonate of ammonia, which is 
afterwards applied in making the muriate of that alkali, 

_ The animal oil (for merly used in medicine, under the name 
of Dippel’s oil) is now, on account of its offensive smell, 
which unfits it for most other BUD ORG eney. converted: 
into lamp-black. 

When diluted muriatic or nitric acid is Nolied upon the 
white ashes of bones, an effervescence takes place, and nearly 
the whole is dissolved. Solution of pure ammonia added 
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to the filtered liquid, precipitates a white earth in great 
abundance; but after it has ceased to produce any effect, 
the addition of carbonate of ammonia occasions a fresh 
' precipitation. What is thrown down, by the pure alkali is 
composed. of phosphate of lime and a small quantity of 
phosphate of magnesia; and the precipitate by the mild 
alkali is the carbonate of lime. The proportions, deduced 
from the analysis of ox-bones by Fourcroy and Vauquelin, 
are the following: | 


. + 


Animal matter .........-51 
Phosphate of lime........37.7 z 
Carbonate of lime ......10 
Phosphate of magnesia’ .. 1.3 


100 


‘Human bones were found by Fourcroy and Vauquelin 
(who have given a good general formula for the analysis of 
bones *) to contain some iron and manganese, and a larger 
“proportion of magnesia than exists in the bones of herbivo- 
rous quadrupeds. This, indeed, might have been expected 
from the large quantity of magnesia, which is constantly | 
passing off in human urine, but not in that of other animals. 
_ Alumine and silex were, also, found, by the same chemists, _ 
in human bones. Hildebrandt, however, has lately analyzed 
- human bones, without being able to discover | magnesia in 

them +. : 

Besides the above ingredients, Mr. Hatchett dikecweree 
in bones ‘a minute quantity of sulphate of lime; and Ber- 
zelius has detected a combination of fluoric acid with the 
same earth, which Morocchini had previously found in 
enamel. Berzelius has given-the following tabular view of 
the results of his analysis {. 7 


* 72 Ann. de Chim, 289. +88 Ann. de Chim. 199... 
t Annales de Chimie, xi. 257. 
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Enamel * Enamel 
Dry of Hu- Dry of 
Human man Ox Bones. Ox 
Bones. Teeth. Teeth. 
Cartilage “t,t ARS WA aed Who tad a he NG 
Blood vessels 4.2... 000. STG Rag tes eee oss eitereks 
Fluate of lime ...... od eee i BB EHO AO 
~ Phosphate of lime ...... 51.04.. 85.3.. 55.45.. 81.0 
Carbonate of lime-....... 1358043 1820 ee BB ee CZAO 


Phosphate of magnesia .... 1:16.. 1.5.) .2,05..,"' 3.0 


‘Soda, muriate of “soda, Com NOME CRO he cy SR Ae ted, 
water, &e. erxreaceeoe 


100 100 100 100 


Human teeth are composed of the same ingredients as 
the enamel, and in the same proportion, except that, in 
addition to other ingredients, they contain cartilage. This 
cartilaginous basis Mr. Hatchett found to remain, in the 
original shape of the tooth, after removing the other com- 
ponent parts by diluted nitric acid. ‘The enamel, on the 
contrary, -dissolves entirely in diluted nitric acid, and is, 
therefore, free from cartilage. But it probably contains 
| gelatine, and to the solution hh this animal substance (which 
is not afterwards precipitable by alkalis) may perhaps be 
ascribed the loss, which forms part of the following results 
of the andlysis of enamel obtained by Mr. Pepys. He found 
_ the enamel of human teeth to consist of 
| Phosphate of lime,..... . 78 


Carbonate of lime. a cet 
Loss and water 4 @ se 0 0 eo 8 8 16 


100 7 
The substance of the teeth Mr. Pepys found to ie com- 


' posed as follows: 
Roots of the Teeth of F irst Teeth of 
Teeth: Adults. Children. 


Phosphate of lime ......58......64...... 62 
Carbonate of lime...... aE Sea 6 

7 Cartilage @eoeneee e@eeeoee Sit oa Sen, 2@e 20 
ROOSMTE iS bight sree Als cht 10K Wee g 
100 100 160 


VOL. II. 2B 


370 COMPLEX ANIMAL PRODUCTS. CHAP, XXIti. 


The shells, with which several marine and also some land. 
animals are covered, have been divided by Mr. Hatchett 
into two classes. The first, from their resemblance to porce- . 
lain, he has. termed porcellaneous shells. ‘To this class. 
belong the several species of voluta, cyprea, &c. The second | 
class approach in their characters to mother of pearl. The 
shell of the fresh water muscle, and of the oyster, may be 
arranged under this head; and pearl ‘itself has the same 
dhapaeins and ‘chemical composition. Comparing the ex- 
periments on both classes, Mr. Hatchett concludes: that. 
porcellaneous shells consist of carbonate of lime, cemented 
by a very small portion of animal matter; and that mother 
‘ of pearl and pearl do not differ from these, except in con- 
taining a smaller proportion of. carbonate of lime. This, 
instead of being merely cemented by animal matter, is 
intermixed with and serves to harden a membranous or car- 
tilaginous substance which\is capable of retaining its form, 
after the removal of the earthy ingredient. 

‘The covering of crustaceous animals (as echini, star fish, 
lobsters, cr aig Sic.) differs in composition from marine 
shells, and approaches that of the eggs of birds. The shells 
of eggs, Mr. Hatchett found, are composed of carbonate of . 
lime, with a small proportion of phosphate of lime, cemented 
by animal matter. Vauquelin has lately added, to these 
ingredients of eg genet, carbonate of wie pei aie iron, and 
sulphur *. 

-Horn differs essentially from all the sober aries: that have 
been described in this section. The proportion of ey 
‘matter obtained by its combustion, scarcely amounts to >4, 
part. It appears to consist ‘principally of Balatiee and. | 
coagulated albumen. | 


Of Cartilage. 


Chevreul has analyzed the cartilage of the squalus pere- 
grinus. He found it to be sparingly soluble in water; the 
solution was viscid, foamed on agitation; restored the colour 


* 


* 81 Ann, de Chim, 304, 


* 
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of reddened litmus; and was precipitated by sulphurig, 
nitric, or muriatic acid, an excess of which redissolved the 
precipitate. Oxymuriatic acid occasioned a deposit, as did 
also the pro-nitrate of mercury and the sub-acetate of lead. 
Infusion of galls produced only a slight cloud. 

When boiled with alcohol, the cartilage shrunk in bulk, 
aiid became opake by losing water. The first washings had 
the colour of ammoniuret of copper, and deposited an animal 
matter. From the residue of the evaporation of these » 
washings, hydrate of lime disengaged a large quantity of 
ammonia. : 

Cartilage dissolved in muriatic acid, and the solution was 
precipitated by infusion of galls. Nitric acid dissolved it, 
and when evaporated, gave oxalic acid, nitrate of soda, a 
yellow matter, different from aay of Welther, and an 
odorous oil. 

By destructive distillation, it gave the ordinary products 
of animal substances, 


. - 


SECTION Vil. 


. Of Musele,. Membr anes Tendon, Ligament. 


Tre muscular “flesh of animals consists chiefly of the ¢ pe- 
euliar substance, which has been already described tinder the 
name of Fibrin. Though generally of a reddish colour; 
yet, essentially, muscular voi is white, and may be obtained 
in this state, if all the soluble parts be first washed awa y by 
long continued affusions of water, which acquires a dark 
colour. The solution, if concentrated by boiling, Hehe es 
on cooling; and hence gelatine, appears to be one of the 
constituents of muscle. Albumen is another ingredient, and 
makes its appearance by a deposition of coagulated fiocculi 
in the heated wa tery s solution. A portion of fat, also, fre- 
quently concretes on cooling; but this is to be considered 
“als as an accidental NRL From the gelatine, when 

2E22 ea 
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evaporated to dryness, alcohol removes a peculiar kind of 
extract, soluble in water and in alcohol, and first described 
by Thouvenel. The entire muscle, when calcined, leaves. 
about 5 per cent. of its weight of saline matter, composed 
chiefly of phosphates of soda, ammonia and lime, and car- 
bonate of lime. 

Lean flesh, Berzelitis finds, is composed of nearly three- 
fourths its weight of fluid. This fluid contains a free acid; 
and the extract, which Thouveriel described, is the same 
acid syrupy mass, which is met with in milk and urine, and 
which consists of lactic acid, an alkaline lactate, and the 
animal matter, that always accompanies the lactates. The 
fluids of muscle abound much more in this syrupy extract, 
and contain more phosphate of soda, than the blood. ‘The 
solid fibre is interwoven with the cellular texture, and is 
furnished with minute veins and nerves. It agrees, in 
chemical properties, with the fibrin of the blood; and it is 
soluble, except the cellular texture of veins and nerves, in 
acetic acid. By boiling it becomes, like the fibrin of blood, 

. insoluble in acetic acid, rand imparts to the water, with which | 
it has been boiled, a constituent part, which has a strong 
and pleasant taste of flesh, and cannot be gelatinized. 
When this is dissolved, and mixed with the uncoagulated 
part of the humours of the flesh, it forms what is called — 
broth, the strength and taste of which depend, not only on 

the dissolved gelatine of the cellular texture, but also on the 

fibrin, the taste of which it retains. ‘The taste does not 
depend on the extractive matter of Thouvenel; for flesh, 
from which this extract has been separated, still gives a 
palatable though colourless soup. 
- Considerable differences exist in the colour and other 
properties of the muscular flesh of different animals; but 
the cause of these differences is not well understood. It 
depends, most probably, on the proportion which the fibrin, 
albumen, and other principles bear to each other. Gelatine 
appears to be most abundant in the flesh of young animals; 
and albumen and. extract in that of old ones. 
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' The tendons, or sinews as they are commonly called, are 
ihe strong cords in which muscles terminate, and which 
connect i al with the bones. They differ from muscle in 
the total absence of fibrin; and in being completely soluble 
in water by sufficiently long boing. The solution has the: 
properties of gelatine. 

‘The ligaments are excessively strong bands, which tie the 
bones together-atthe different joints. ‘hey are in a great | 
measure, he not completely, soluble by boiling water; and 
contain, therefore, beside gelatine, some other animal sub- 
stance, probably coagulated albumen. 

Membranes are thin semi-transparent substances, which 
sometimes form bags for containing fluids, and sometimes 
line the different cavities of the body. They are for the 
most part, though not entirely, soluble in water; and are 
composed, therefore, chiefly of gelatine. Hence by the 
common process of tanning, membranes are convertible anto 
leather. There is an essential difference, however, between 
cellular or serous membranes, and mucous membranes. 
The latter furnish no gelatine by boiling; and are sooner 
destroyed than any animal substance, the brain excepted ; 
by maceration in water, or by the action of acids. 


SECTION VIII. 


Of the soft Coverings of Animals, viz. Nails, Scales, Skin, 
: Hair, Feathers, and Wool. 


Tue nails and hoofs of animals most nearly resemble 
horn in chemical composition. Their basis seems to be a 
series of membranes composed of coagulated albumen, in- 
which is deposited a quantity of gelatine. Long boiling 
does ‘not entirely dissolve them. . By calcination they have 
only a very small proportion of earthy matter. 

The scales of serpents also resemble horn in their chee 
mical composition and properties, The scales of fish, on the 
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contrary, are more nearly analogous to mother of pearl, and 
are composed. of alternate layers of membrane and phos- 
phate of lime. | 

The skin consists of two dintitace parts, a tough whiti 
membrane on the outside which is almost iHicattwib tet and. 
an internal one, full of blood vessels and nerves, and dis- 
tinguished by great sensibility. Between these twe, in 
“the human body, is a soft mucous substance called rete 
mucosum. | 

1. The external layer, called the cuticle or epidermis, 
is best separated from the parts beneath by the action of 4 
blister. It is not soluble in water, nor in acids, unless 
they are sufficiently concentrated to decompose it. Hence 
it differs ‘from gelatine. Alkalis however dissolve it; and, 
in this respect, it agrees with coagulated albumen, which 
it resembles, also, in receiving a yellow tinge from nitri¢ 
acids 
2. The cutis vera, which Hes beneath the cortist consists 

of a number of fibres crossing each other in various di- 
rections, and has considerable firmness and elasticity. Long 
continued boiling in water entirely dissolves it, and a so- 
lution is obtained which gelatinates on. cooling, or by far- 
ther evaporation, may be wholly converted into glue. 

- The true skin is composed, therefore, almost ‘entirely of 
gelatine; but under some modification which renders it in- 
‘soluble in water. It is this substance that adapts the skins 
of animals for two important uses, that of being converted 
into leather by the reception of the tanning principle and a 
ie of furnishing glue. 

. Of the rete mucosum very little is known. It is that 
oie! of the skin, on which its colour depends; ‘and by the — 
sufficiently. long continued application of oxymuriatic acid, — 
it has been found that in the negro it may be’ entirely tien: 
prived of its colour. 

Hair has been examined with considerable witaninie by 
Vauguelin. He effected a complete solution of it in water 
by using a Papin’s digestor. Lhe application of the pro- 
per temperature required, however, some caution; for if 
, ee 


} i 
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raised too high, the hair was decomposed and gave car- 
bonate of ammonia, empyreumatic oil, and sulphuretted 
hydrogen. The solution always contained a sort of bitu- 
minous oil, the colour of which approached to that of the 
hair which had been dissolved. After separating this oil, 
the solution was precipitated by infusion of galls and by. 
oxymuriatic acid; but did not gelatinate on cooling. Acids 
occasioned a precipitate, which was re-dissolved by adding 
more acid. Silver was precipitated from its solutions of a 
black colour, and lead of a brown. 

A diluted solution of potash dissolved hair, excepting a 
little oil, sulphur, and iron; and the compound was a sort 
of soap. The oil, if red hair was employed, had a yellow 
tinge. Alcohol, also, extracted from hair a portion of oil, 
the colour of which varied with that of the hair. 

The coal, obtained by incinerating hair, afforded phos- 
phate, sulphate, and carbonate of hikes muriate of soda, 
silex, magnesia, and oxides of iron and manganese. ‘The 
whole of these substances bore a very small proportion to 
the hair, aud varied in hair of different colours. Hair, 
therefore, appears to consist chiefly of an animal matter re- 
sembling coagulated albumen; of an oil of various co- 
lours; of sulphur, silex, carbonate and phosphate of lime; 
and oxides of iron, and manganese. | 

Feathers probably agree in composition with hair. The 
quill, Mr. Hatchett has shown, consists of coagulated al- 
bumen without any gelatine. 

The composition of wool is not accurately known; ‘but 
from its forming a soap with pure alkalis, it probably con- 
sists of poaealiind albumen. ; 

We are nBousile ignorant of the true nature of silk. It 
is insoluble both in water and in alcohol, but dissolves in 
pure alkalis and acids. By the action of nitric acid it 
affords the peculiar substance already vow Ran under the 
name of the bitter principle. 
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SECTION IX. 
Of the Substance of the Brain. 


‘Tne medullary matter of the brain and nervous system 
appears to differ from all other organized substances. It 
was first exammed by M. Thouret, ete a view to explain 
why the brain was exempted from the change, observed in 
the bodies which were interr ed in the Cimeiiére des Inno- 
cens. Fourcroy afterwards added many important facts, 
and corrected M. Thouret i in several particulars; and Vau- 
~quelin has lately published an elaborate set of experiments 
on the same subject *. 

The medullary | substance of the brain is of a soft. con- | 

sistence, and forms, when agitated with water, ator. of 
emulsion, | that passes through the finest sievés. This fluid is 
| coagulated by a temperature of 160°, and a quantity of a 
mabe tare resembling albumen. is separ ated. ‘The same 
coagulation is produced by acids; but the c eulum differs, 
in several respects, from that which. takes lace’ from the 
serum of the blood. On being boiled with alcohol, it loses 
about 55, of its weight; but one third of the } ortion, which 
has been dissolved, is again deposited on “cooling i in the 
form of shining cr séeailine plates resembling those which 
are obtained Gan biliary calculi, from spermaceti, or from 
adipocire; but differi ing from those substances in requiring 
a higher temperature for its fusion. It stains paper like 
a feed oil, is soluble in 20 times its weight of boiling al- 
cohol; and is miscible with water into a sort of Pr seicas 


from which it does not separate on standing, and which is 


not acid. From the results of its combustion, both alone 
and with nitre, Vauquelin infers that it contains: uncom: 
bined phosphorus. 

Alcohol, by digesting with brain, acquires a greenish 
colour, which it retains even after filtration. By evapora- 


he 5 a * Thomsons’s Annals, 1. 332. 
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tion to one eighth its bulk, it deposits a yellowish oily 
fluid, and the liquor itself is yellowish. When repeated 
quantities of alcohol are digested on the same portion of 
brain, the alcohol is tinged a sapphire blue colour. These 
colours remain, till the whole alcohol is expelled by heat, 
when ‘the residuary matter acquires a yellow tinge, of 
greater or less intensity. The latter portions of alcohol, 
do not, like the first, deposit oil on standing. 

‘The liquid oil, after being washed with water, and eva- 
porated to dryness at a gentle heat, has a reddish brown 
colour, and a smell dauornetns that of the brain itself, but 
stronger, Its taste is like that of rancid fat, It forms, 
with water, an emulsion, which is coagulated by the addi- 
tion of acids, and by infusion of tan. It is soluble in hot 
alcohol; and the greater part separates on cooling. 
Though freed from all acid by washing, yet it furnishes 
phosphoric acid by being burnt either alone or with nitre; 
and hence we must admit the presence of phosphorus in 
this fatty matter, as well as in. the crystalline substance. 
From the latter, indeed, it appears to differ only in con- 
taining a quantity of animal matter, which is separable by 
cold alcohek 
fhe alcohol, from which the fatty matter has separated, 
has a yellow colour, a taste of the juice of meat, and 
gives marks of acidity. It contains super-phosphate of pot- 
ash, and a peculiar animal matter, which, by its solubi- 
“lity in cold alcohol and water; by its property of being 
precipitated by infusion of galls; by its reddish brown 
colour, its deliquesence, its taste and smell of the juice of 
meat, may be regarded as identical with the substance, 
which Rouelle formerly called saponaceous extract of meat, 
and to which Thenard has given the name of Osmazome. 
Tt is this substance, which tin ges the fatty matter, extracted 

from brain by alcohol. 
- The portion of brain, which remains after the fall action 
of alcohol, is a greyish white matter in the form of flocks, 
which resembles cheese externally. Jn drying, it assumes 


“ 
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a grey colour, a:semi-transparency, and a fracture similar 
to that of gum-arabic.. It appears, as Fourcroy supposed, 
to be perfectly identical with albumen; and itis this in- 
gredient, which occasions the coagulation of brain, when 
mixed with water, by heat, acids, metallic salts, &c. The 
alkaline solution of this part of brain precipitates acetate 
of lead of .a dark brown colour, showing obyiously the | 
presence of: sulphur. 

The medulla of the brain, eta exposed to the air, 
soon undergoes spontaneous decomposition; and evolves 
an acid, before it passes to the putrid state; but under» 
water it may be kept a long time without any change. 
Nitric acid does not produce the same effects upon it, as on 
other animal substances. No nitrogen is separated; but, 
when the temperature is raised, a large quantity of car- 
bonate of ammonia is disengaged, and oxalic acid is found 
in the retert. 

Diluted sulphuric acid partly dissolves brain, and coagu- 
lates another part. The acid solution becomes black when 
concentrated by evaporation ; sulphurous acid is generated; 
and erystals are formed which consist of sulphate of am- 
monia. Besides this salt, sulphates of ammonia and lime, 
phosphoric acid, and phosphates of soda and ammonia are 
found in the liquid. | 

When brain is dried at the temperature of boiling water, 
it coagulates and some, water separates from it. “aWhen 
deiilled in close vessels, ammonia is disengaged; which, 
wniting with carbonic acid formed at the same time, com- 
poses carbonate of ammonia. A portion of oil is obtained 
also, and sulphuretted and carburetted hydrogen gases are 
formed. In the retort a coal remains which affords traces 
of phosphates of lime and soda. _ 

The mass of brain, as appears from the experiments of 
Vauquelin, is composed, therefore, of Ist, two fatty mat- 
ters, which are probably identical; 2dly, albumen; $dly, 
osmazome; 4thly, different salts; and, anomg others, phos- 
phates of potash, lime, and magnesia, and a little com- 
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mon salt ; 
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5thly, phosphorus; 6thly, sulphur. 


379 
The fol- 


lowing is to be considered merely as an approximation to 
their proportions. 


PV airs ov. 6 cae ote eninge O00 
2. White fatty matter 5 Shee an BB 
9. Red fatty matter ss. ew a < uy of 0.70 
4, Albumen ......... yee Km eae 4 
Bu Catagories 2. eaten teense Rake 
6. Phosphorus 4600 46 ey we et 


7. Acids, salts, and sulphur.... 5.15 


ate 


te 


OAT SABER 
ieee 


ELEMENTS 


4 


OF 
~ 


EXPERIMENTAL CHEMISTRY. 


. DIRECTIONS FOR EXAMINING MINERAL WATERS, AND 
MINERAL BODIES IN GENERAL. 


CHAPTER I. 


ANALYSIS OF MINERAL WATERS. 


‘THE complete and accurate analysis of mineral waters, 
and of mineral bodies in general, is one of the most diffi- 
cult subjects of chemical manipulation, and requires a very 
extensive acquaintance with the properties and habitudes of 
a numerous class of substances. Long and attentive study 
of the science is therefore essential to qualify any one for 
undertaking exact and minute determinations of the pro- 
portion of the component parts of bodies. .Such minute- 
ness, however, is scarcely ever required in the experiments 
that are subservient to the ordinary purposes of life; a ge- 
neral knowledge of the composition of bodies being suffi- 
cient to assist in directing the most useful applications of 
them. Ishall not attempt, therefore, to lay down rules for 
accurate analysis, but shall only describe such experiments 
as are suited to afford an insight,into the kind, but not to 
decide the exact proportion, of the constituent principles of 
natural waters, and of mineral substances in general. 


- 
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Before proceeding, however, to the analysis of a water, 
it is proper to inquire into its natural history, and to ex- 
_ amine attentively its physical characters. The nature of 
the strata in the neighbourhood of the spring, will often 
furnish useful suggestions respecting the contents of the 
water; the period of the year should be stated at which the 
analysis was performed; and whether after a rainy or dry 
season. ‘The temperature of the water must be carefully 
observed, as it issues from the spring ; and the quantity in- 
quired, into, which’ it yields in a given time. The sensible 
qualities of taste, smell, degree of transparency, ‘&e., are 
also best ascertained at the fountain-head. ‘The specific - 
gravity of the water may be found by weighing a bottle, 
which is capable of containing a known weight of distilled 
water, at a ‘certain témperature, filled with the water, 
under examination, at ‘the same temperature. It is proper, 
also, to examine, on the spot, the channel through which 
the water has flowed; to collect any deposit that may have 
been formed; and, to investigate its nature. 

The effects of heat’ on the water may be next. tried.— 
Many waters lose their transparency when their tempera- 
ture is raised, and let fall a considerable deposit.. The 
quality of this may, in some degree, be conjectured from 
its appearance. If its colour bebrownish yellow, it con- 
sists, either wholly or chiefiy, of oxide of iron; if white, 
or nearly white, it is composed principally of the earthy ~ 
carbonates. A mineral water, containing iron, deposits- 
that metal’ also, when exposed to the atmosphere; and a 
thin pellicle forms on its surface, whether stagnant: ina 
natural reservoir, or collected in a separate cia By 
this exposure, iron may be sometimes discovered in a water, 
though not easily detected at first; because it becomes 
farther oxydized, and more_sensible to the action of tests. 
Sulphuretted hydrogenous waters deposit a sediment,. even 
when preserved mm a_ well-closed phial ; the hydrogen 
quitting the sulphur, which settles in the form ef a white 
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SECTION I. 
Examination of Mineral Waters by Re-agents, 


Warten is never presented by nature in a state of com- 
plete purity. Even when collected as it descends inthe 
form of rain, chemical tests detect in it a minute propor- 
tion of foreign ingredients. And when it has been ab- 
sorbed by the Bercy has traversed its different strata, and 
is returned to us by springs, it is found to have acquired 
various impregnations. ‘The readiest method of judging of 
the contents of natural waters, is by applying what are 
termed tests, or re-agents; 2.e. substances which on be- 
ing added to a water, exhibit, by the phenomena they pro- 
duce, the nature of the saline, or other ingredients.—For 
example, if, on adding infusion of litmus to any water, 
its colour is changed to red, we infer, that the water con- 
tains an uncombined acid: if this change ensues, even 
after the water has been boiled, we judge that the acid is a 
- fixed, and not a volatile one: and if, on adding the muriated 
barytes, a precipitate falls down, we safely conclude that the 
_~ peculiar acid, present in the water, is either entirely or in 
' part, the sulphuric acid. I shall first enumerate the tests 
generally employed in examining waters, and describe 
their application; and, afte ones; point cut by what par- 
ticular tests the substances, generally found i in waters, may 
be detected. A adit oy: 

In many instances, however, a mineral wat ' may con-~ 
tain a saline, or other ingredient, but in such small quan-~ 
tity as to escape fliseostcas by tests. It is therefore advise- 
able to apply the tests of fixed substances to the water, after 
reducing its bulk one half, or more, by evaporation, as well 
@s in its natural state, % 

The use of tests, or re-agents, has been employed. by 
Mr. Kirwan to ascertaia bya careful examination of the 
precipitate not only the kind, but the quaniity, of the in- 
gredients of mineral waters. ¥This will be best under- 
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stood from an example. It is an established fact, that 100 
parts of cr ystallized muriate of soda, when completely de- 
composed by nitrate of silver, yield, as nearly as, possible, 

- 240 of precipitated muriate of silver.. From the weight of 
the precipitate, separated by nitrate of silver from a given 
quanti ty of any water, it is therefore easy, when no Other 
muriatic salt is present, to infer, what quantity of muriate 
of soda was contained in the water; since every hundred 
grains of muriated silver indicate, pretty accurately, 411 
of crystallized common salt. ‘The same mode of estimation 
may be applied in various other instances; and the rule for 

each individual case will be stated in the following descrip- 
tion of the use of the various re-agents. 
When filters of paper are used for collecting precipitates, 
gréat caution is necessary that their weight should be the 
same, before and after the experiment. Even during the 
time of weighing, they acquixe moisture from the atmo- 

‘sphere ; end it is therefore necessary, before taking their 
weight correctly, to obtain an approximation to it; after 
which, less time is occupied in determining it within the 
fraction of a grain. The unsized paper, which accom- 
‘panies Mr. Watt’s copying machines, answers the purpose 
extremely well. It ‘is this which was always employed by 
Berzelius, whenever he used filters at all; but their use, - 
when the nature of the precipitate admits, he thinks should 


be avoided *, 4 
; a - 


I.—Infusion of Litmus, Syr up of Violets, eFe. 


The infusion of litmus is prepared by steeping this aie 
stance, first bruised ina mortar, and tied up ina linen rag, ) 
in distilled water, which extracts its blue colour. ; 

If the colour of the infusion tends too much to purple, 
it may be amended by a drop or two of solution of pure 
ammonia; but of this no more must be added than is 
barely sufficient, lest the delicacy of the test should ‘be 


impaired, 


* 79 Ah de Chim. $1. 
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The syrup of violets is not easily obtained pure. The 
genuine syrup may be distinguished from. the spurious by a 


solution of corrosive Seidointes which. changes the former 


to green, while: it. reddens the latter. When it can be 
procured genuine, it is an excellent: test» of acids, and 
may be employed in the same manner as the infusion of 
litmus. . 

_ Pape# stained with the juice of the. March ig Py or 
with: that of the scrapings of radishes, answers a similar 
purpose. In staining paper for the purpose of.a test, the 
paper must be used Gated or, if sized, it must previously 
be well washed with warm water; because the alum, which 
enters into the composition of the size, will. otherwise 
change the vegetable colour to red. 

In the Philosophical Magazine, vol, i. page 180, may 
be found some a re) orks test poeee invented by 
_ Mr. Watt... * 

Infusion of litmus is a test of most gona tined acids. 

1. If the infusion redden the wnboiled, but not the 
boiled water, under examination; or if the red colour, oc- 
casioned by adding the infusion to a recent water, -return 
to blue, on pai: we may infer, that the acid isa volatile 
one, and most probably the carbonic,acid. Sulphuretted — 
» hydrogen gas, dissolved in water, pe reddens litmus, but 
not after boiling. 

2, To ascertain whether the change be produced. by car-= 
bonic acid or by sulphuretted hydrogen, when experiment 
shows that the reddening cause is volatile, add a little 


. lime-water, or, in Sting barytic. water.. This, if car- 


4 


bonic acid be present, will occasion a precipitate, which . 


will dissolve, with effervesceiice, on adding a little muriatic 
acid. Sulphuretted hydrogen may also be contained, along 


with carbonic acid, in the same water ; which will be de- 
termined by the tests hereafter to be described. 

Bs Paper tinged with litmus i is also reddened by the pre- 
sence of carbonic acid, but regains its blue colour on 
‘drying. The mineral and fixed acids redden it pertna~ 
nently. That these acids, however, may produce their. 

VOL, II. ' 
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effect, it is necessary that they should be present in a suffi- 
eient proportion *. The dark blue paper, which is gene- 
rally wrapped round loaves of refined sugar, is not dis- 
coloured by carbonie acid or sulphuretted hydrogen, but 
only by the stronger acids. 


1l.—Infusion of Litmus reddened by Vinegar,—Spirituous 
Tincture of Braxil-wood,— Tincture of Turmeric, and 
Paper stained with each of these three Raoriee yrup 
of Violets. 


All these different tests have one and the same object: 

1. Infusion of litmus reddened by vinegar, or litmus 

paper reddened by vinegar, has its blue colour restored. by 
pure alkalis and pure eit and by carbonated alkalis 
and earths. ; 
_ 9. Turmeric paper and tincture are changed to a reddish 
brown by alkalis, whether pure or darbonseed, and by pure | 
earths, but not by carbonated earths. Dr. Bostock finds 
that it is obviously affected by a solution, containing only 
ss'ey Of its weight of potash. . 

3. The red infusion of Brazil-wood, and paper stained 
with it, become blue by alkalis and earths, and even by 
the latter when dissolved by an excess of carbonic acid. 
In the last-mentioned case, however, the change will 
either cease to appear, or will be much less remarkable, 
when the water’ has been: boiled. i 

4. Syrup of violets, when pure, is, by the same causes, 


turned green}; as is also paper stained with the juice of 
the violet, or with the serapings of radishes. 


® See Kirwan on Mineral Waters, page 40. \ i 

+ According to Mr. Accum, syrup of violets, which has lost its 
colour by keeping, may be restored by agitation, during a few minutes, 
in contact with oxygen gas. In preference to the syrup, Mr. Descroi- 
ailles récommends as a test the pickle of violets, prepared by adding: 
¢ommon salt to the expressed juice. (Annales de Chimie, Ixvii, 80; oF 
Nicholson’s Journal, xxv. 232.) — 


BECT. I. MMALYSIS OF WATERS, 387 


II.—Tincture of Galls. 


Tincture of galls is the test ceicgtle employed for. dis- 
‘ covering iron; with all the combinations of which it pro- 
duces a black tinge, more or less intense according to the 
quantity of iron. The iron, however, in order to be de- 
tected by this test, must be in the state of red oxide, or, if 
oxydized in a less degree, its effect will not be apparent, un- 
less after standing some time in contact with the air. By 
applying this test before and after evaporation, or boiling, 
_ we may know whether the iron be held in solution by ear- 
bonic acid, or by a fixed acid; For, . 
1. Ifit produce its effect before the application of og 
and not afterward, carbonic acid is the solvent. 
2. If after, as well as before, a mineral acid is the solvent. 
3. If, by the boiling, a yellowish powder be precipitated, 
and yet galls still continue to strike the water black, the 
iron, as often happens, is dissolved both. by carbonic acid 
and by a fixed acid. A neat mode of applying the gall-test 
was used by M. Klaproth, in his analysis of the Carlsbad, 
water; a slice of the gall-nut was suspended by a silken 
thread in a large bottle of the recent water, and so small 
was the quantity of iron, that it could only be discovered in 
water fresh from the spring, ‘by a slowly-formed and dark 
cloud, surrounding the re-agent *. 


EV x-Sulpheric Acid. 


1. Sulphuric acid discovers, by a slight effervescence, the 
presenee of carbonic acid, whether prcombined or united 
with alkalis or earths. 

2. If lime be present, whether pure or uncombined, the 
addition of sulphuric acid occasions, after.a few days, a white 
-precipitate. If from a mineral water, which has been well 
boiled, the addition of sulphuric acid extricates sulphur: etted 
whet Qas, Mr. Westrumb infers the presence of hood 


* Klaproth, vol. i. -page-er9, | 
22 
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sulphuret of lime. In this case, sulphate of lime is pre- 
cipitated *. 3 

3. Barytes is Drecritatng: 0 a in the form a white 
powder. 
_ 4, Nitric.and haseale salts, in a. dey state, or Fsoluens in 
very little water, on adding sulphuric acid, and applying 
heat, are decomposed ; bcd if a stopper, RE WIRE aR NY sO~ 
lution of pure ammonia, be held over the vessel, white clouds 
will appear.. For distinguishing whether nitric or muriatic 
acid be the cause of this epi hin el rules will be euen 
hereafter. | 


V. —Miiric and Nitrous Acids. ~ 


ithes acids, if they. occasion effervescence, give the same 
indications as the sulphuric. The fuming red nitrous acid 
has been recommended as a test distinguishing between 
hepatic waters that contain hydro-sulphuret of potash, and 
those that contain.only sulphuretted hydrogen gas. In the 
former case, a precipitate ensues on adding nitrous acid, and 
a very fetid smell arises; in the latter, a slight cloudiness 
only appears, and the smell of the water becomes less dis- 
agreeable... If a water, after boiling, gives a precipitate of 
sulphur, on, adding nitrous acid, \Westrumb concludes that 
this is owing to hydro-sulphuret of lime. {ote 


VI.—Ovxalic Acid.and Oxalates. 


The oxalic acid is a most delicate test of lime, which it 
separates from all its combinations. 

1. Ifa water, which is precipitated by oxalic acid, become 
milky on adding a watery solution of carbonic acid, or by 
blowing air through it from the lungs, by means of a quill or 

‘glass tube, we may infer, that pure lime (or barytes, which 
hs neyer yet been found: pure in water) is present. 

. If the oxalic acid occasion a precipitate before, but not 
ore boiling, the lime is sete by ¢ an excess BP carbonic 4 
"acids 


“> ++? Nicholson’s Journal, xviii. 40. 
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3. If after boiling, by a fixed acid. A considerable ex- 


cess of any of the mineral acids, however, prevents the oxalic 
acid from occasioning a precipitate, even though lime be 
present; because some acids decompose the oxalic, and 
others, dissolving the oxalate sed lime, prevent it from 
appearing * 

The pelt of ammonia, or of potash (which may easily 
be formed by saturating the respective carbonates of these 
’ alkalis with a solution of oxalic acid), are not liable to the 
above objection, and are preferable, as re-agents, to the un- 
combined acid. Yet even these oxalates fail to detect lime 
when supersaturated with muriatic or nitric acids; and, if 
such an excess be present, it must be saturated, before adding 
the test, with pure ammonia. <A Sebi sarap will then be 
produced. 3 


The quantity of lime contained in ite precipitate may be | 


known, by first calcining it with access of air, which con- 
verts the oxalate into a carbonate; and ‘by expelling from 
this last, its carbonic acid, by calcination, with a strong 
heat, in a covered crucible. According to Dr. Marcet, 117 
grains of sulphate of lime give 100 of oxalate of lime, dried 


at 160° Fahrenheit. The use of oxalate of ammonia, that 


excellent analyst finds, is in some degree limited by its pro- 
perty of precipitating the salts of iron. 

_. The fluate of ammonia, recommended by Scheele, I find 
to be a most delicate test of lime. It may be prepared by 
adding carbonate of ammonia to diluted fluoric acid, in a 
leaden vessel, observing that there be a small excess of acid. 


VII.— Pure Alkalis and Carbonated Alkalis. 


1. The pure fixed alkalis pr ecipitate all earths and metals, 
whether dissolved by volatile or fixed menstrua, but only in 
certain states of dilution; for example, sulphate of alumine 
may be present in water, in the proportion of four grains to 


500, without heat discovered by pure fixed alkalis. As the 
| * See ina on Waters, page 88, _ | 


2 
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alkalis precipitate so many substances, it is evident that they 
cannot afford any very precise information, when émployed. 
as re-agents, From the colour of the precipitate, as it ap- 
peat ye to a pure white, or recedes from it, an experienced - 
eye will judge, that the precipitated earth contains less or 
more of metallic admixture; and its precise composition 
must be ascertained by rules which will presently be given. 
2. Pure fixed alkalis also decompose all salts with basis 
of ammonia, which becomes evident by its smell (unless the - 
salts. are dissolved in much water), and also by the white 
fumes it exhibits when a stoppely moistened with muriatic 
acid, is brought near. van) 
3. Carbonates of potash and of soda have similar effects, 

- 4. Pure ammonia precipitates all earthy and metallic salts. 
Besides this property, it also imparts a deep blue colour to 
any liquid that contains copper or nickel in a state of s lu- 
tion; the precipitated oxides of those metals poe re 
a by an excess of the volatile alkali. tals 
_. &, Carbonate of ammonia has the same properties, excel 

that it does not precipitate magnesia from its combinations. 
~ Hence, to ascertain whether this earth be present in any so- 
lution, add the carbonate of ammonia till no farther preci- 
pitation ensues; filter the liquor; raise it nearly to 219° 
Fahrenheit ; and then add pure ammonia. If any precipi- 
tation now occurs, we may infer the presence of magnesia. 
It must be acknowledged that zircon, . yttria, and glucine,. 
would escape digeorery! by this process; but they have never 
yet been found in mineral waters; and their presence can 
scarcely be expected. 


VIL. —Lime-Water. 

1. Lime-water is applied to the purposes of a test, chiefly 
for detecting car bonic acid. Let any liquor supposed to 
contain this acid be mixed with an equal bulk of lime-water. 
If carbonic acid be present, either free or combined, a pre- 
cipitate will immediately appear, which, on adding a few 


drops of muriatic acid, will again be Gennes with effer- 
vescence. 
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2. Lime-water will also show the presence of corrosive 
sublimate by a brick-dust coloured sediment. If arsenous 
acid (common arsenic) be contained in a liquid, lime-water, 
when added, will occasion a precipitate, consisting of lime 
and arsenous acid, which is very difficultly soluble in water. 
This precipitate, when mixed up with oil, and laid on hot 
coals, yields the well known garlic smell of arsenic. 


IX.—Pure Barytes, and its Solution in Water. 


1. A solution of pure barytes is even more effectual than 
lime-water in detecting the presence of carbonic acid, and is 
much more portable and convenient; since, from the crys- 
tals of this earth, the barytic solution may at any time be 
immediately prepared. In discovering carbonic acid, the 
solution of barytes is used similarly to lime-water, and, if 

nis acid be present, gives, in like manner, a precipitate 
luble with effervescence in dilute muriatic acid. 

2. The barytic solution is also a most sensible test of sul- 
phuric acid and its combinations, which it indicates by a 
precipitate not soluble in muriatic acid—Pure strontites. 
has similar effects as a test. The quantity of the precipi- 
tated substance, indicated by the weight of the erty 
pen be stated in No. XV. 


| X.—Metals. 


1. Of the metals, silver and mercury are tests of the 
presence of hydro-sulphurets, and of sulphuretted hydro- 
gen gas. If a little quicksilver be put into a bottle con- 
taining water impregnated with either of these substances, 
its surface soon acquires a black film, and, on shaking the 
bottle, a blackish powder separates from it. ‘Silver is 
speedily tarnished by the same cause. | 

2. The metals may be used also as tests of each other, 
on the principle of elective affinity. Thus, for example, a 
polished iron plate, immersed in a solution of sulphate of 
copper, soon acquires a coat of this metal; and the same 
in other similar examples. 
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XI. ae cafe did vail } 


This is the only one of the sulphates, except that of 
silver, applicable to the purposes of.a test. When used 
with this view, it is generally employed for ascertaining the 
presence of oxygen gas, of which a natural water may con- 
tain a small quantity. | ; 4 

A water, suspected to contain this gas, may We nasal 
with a little recently-dissolved sulphate of iron, and kept ~ 

corked up, ina phial completely filled by the mixture. If 
an oxide of iron be precipitated in the course of a few days, . 
the water may be inferred to contain oxygen Baise Si," 


XII.—Sulphate, Nitrate, and Acetate of Sila 

. These solutions are all in some measure applicable to Sis. 
milar purposes. 

1. ‘They are peculiarly adapted to the discovery Ys 
riatic acid and of muriates. For the silver, quitting its — 
solvent, combines with the muriatic acid, and forms a flaky — 
precipitate, which, at firsf, is white, but on exposure to the 
sun’s light, acquires a blueish, and finally a black colour. 
This precipitate, dried and fused by a ‘gentle heat, Dr. 
Black states to contain, in 1000 parts, as’ much muriatic — 
acid as would form 4251 of crystallized muriate of soda, 
which estimate scarcely differs at all from that of Klap- 
roth.: The same quantity of muriate of silver (1000 parts) 
indicates, according to Kirwan, 4544 of muriate of potash. 
Dr. Marcet’s experiments and. my own indicate a larger 
product of muriate of silver from the decom position of dry 
muriate of soda, viz. not less than 240 grains from 100 of 
common salt. Hence 100 grains of fused muriate of silver 
denote 41.6 of muriate of soda, and about 19 grains of mu- 
riatic, acid. A precipitation, however, may arise from 
other causes, which it may be proper to state. : 

'. 2. The solutions of silver in acids are precipitated by 
carbonated alkalis and earths. ©The agency of the alkalis 
and earths may, however, be. prevented, byypreviously sa~” 
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turating them with afew drops of the same acid in which 
the silver is. dissolved. : | 
3. The nitrate and acetate of silver are decomposed by 
the sulphuric and sulphurous acids; but this may be pre- 
vented by adding, previously, a few drops of nitrate or ace-" 
tite of barytes, and, after allowing the precipitate to sub- 
side, the clear liquor may be decanted, and the solution of 
silver added. , Should a precipitation now take place, the 
presence of muriatic acid, or some one of its combinations, 
may be suspected.. ‘To remove uncertainty, whether a pre- 
cipitation be owing to sulphuric or muriatic acid, a solution 
of sulphate. of silver may be employed, which, when no un- 
- combined alkali or earth is present, is affected only by the 
latter acid. According to Professor Pfaff, one part of mu- 
riatic acid of the specific gravity,.1.15, diluted with 70,000 
parts of water, barely exhibits a slight opaline tinge, when 
tested with nitrate of silver: and, when diluted with 
80,000 parts of water, it isnot affected at all*. Mr. Meyer 
of Stettin assigns, however, a much more extensive power 
~ to nitrate of silver, as a test of muriatic acid}. . : 
4, The solutions of silver are also precipitated by sul- 
phuretted hydrogen, and by hydro-sulphurets; but the 
precipitate is then reddish, or brown, or black; or it may 
be, at first, white, and afterwards become speedily brown 
or black. It is soluble, in great part, in dilute nitrous. 
acid, which is not the case if occasioned by murtiatic or 
| sulphuri ic acid, 
 §. The solutions of silver are precipitated by extractive 
matter; but, in this case, also, the precipitate has a dark 
colour, and is soluble in nitrous acid. . 


XIIL—Mitrate and Acetate of Lead. 


1, Acetate of lead, the most eligible of these two tests, . 
is precipitated by sulphuric and muriatic acids; but, as of 
both these we have much better indicators, I do not en- 


_ large on its application to this purpose. 
~ 


* Nicholsen’s Journal, xvii. 361. + Thomson’s Annals, v.23. 


7 
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2. The avetate is also a test of sulphuretted hydrogen 
and of hydro-sulphurets of alkalis, which occasion a black 
precipitate ; and, if a paper, on which characters are traced 
with a solution of acetate of lead, be held over a portion of 
water containing sulphuretted hydrogen gas, they are soon 
rendered visible; especially when the water is a little 
warmed. 


8. The acetate of lead is employed in the discovery of 


ancombined boracic acid, avery rare ingredient of waters, 
To ascertain whether this be present, some cautions are 
necessary. (a) The uncombined alkalis and earths (if any 
be suspected) must be saturated with acetic or acetous acid. 
(L) The sulphates must be decomposed by acetate or nitrate 
of barytes, and the muriates by acetate or nitrate of silver. 
The filtered liquor, if boracic acid be contained in it, will 
continue to give a precipitate, which is soluble in nitric 
acid of the specific gravity 1.3, 

4, Acetate of lead is said, also, by Pfaff to be a very 
delicate test of carbonic acid; and that it renders milky 
water, which contains the smallest possible quantity of this 
acid. 


XIV.—WNitrate of Mercury prepared with and without Heat. 

This solution, differently prepared, is sometimes em- 
Sagi as a. test. : | ' 

‘1. The solution of nitrate of mercury, prepared without 
heat *, has been found by Pfaff to bea much more sensible 
test: of muriatic acid than nitrate of silver. Its sensibility, 
indced, is so great, that 1 part of muriatic. acid, of the 


specific gravity 1.50 diluted with 300,000 parts of water, 


is indicated by a slightly dull tint ensuing on the addition 
of the test. 

2. It is, at the same time, the most sensible test of am- 
monia, one part of which, with 36,000 parts of water, is 
indicated by a slight blackish shang’ tint, on adding the 
nitrate of apediionck 

é #* See chap. xix. sect.4, vie | 

gee pa 
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3. The nitrate of mercury is also precipitated by highly 
diluted phosphoric acid; but the precipitate is soluble in an 
excess of phosphoric or nitric acid, which is not the case if 
it has been occasioned by muriatic acid. © - 


XV.— Muriate, Nitrate, and Acetate of Barytes., | 


1. These solutions are all most delicate tests of sulphuric 
acid and of its combinations, with which they give’a white 
precipitate, insoluble in dilute muriatic acid. They are 
decomposed, however, by carbonates of alkali; but the pre- 
cipitate occasioned by carbonates is soluble in dilute muriatic 
or nitric acid, with effervescence, and may even be pre- 
vented by adding, previously, a few drops of the same acid 
as that ebiteeds in the barytic salt, which is employed. 

One hundred grains of dry sulphate of barytes contain 
(according to Klaproth, vol. i. page 168) about 454 of sul- 
phuric acid of the specific gravity 1650; according’ to 
Clayfield (Nicholson’s Journal, 4to. ili. 38), 33 of aa, 
of the specific gravity 2240; according to Thenard, after 
calcination, about 25; and, according to Mr. Kirwan, after 
ignition, 23.5 of real acid. The same chemist states, that 
170 grains of ignited sulphate of barytes denote 100 of 
dried sulphate of soda; while 136.36 of the same substance 
indicate 100 of dry sulphate of potash; and 100 parts 
result from the precipitation of 5%.11 of GS of mag- 
nesia. 

From Klapr oth’s experiments, it appears, tales 1000 
orains of sulphate of barytes indicate 595 of desiccated sul-_ 
phate of soda, or 1416 of the crystallized salt. The same 
chemist has shown, that 100 grains of sulphate of barytes 
are produced by the precipitation of 71 grains of sulphate 
of lime, of ordinary dryness. The results of my own ex- 
periments are stated in vol. i. page 381. From these it 
follows, that 100 grains of ignited sulphate of barytes de- 
note 57 of calcined sulphate of lime; or 73 of the same 
sulphate, dried by a temperature of only 160° Fahrenheit. 
Desiccated sulphate of magnesia, when decomposed by 
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niuriate of barytes, affords twice its weight of the barytic 
sulphate. 


_ 2 Phosphoric salts occasion a pr ecipitate also, which i is 


soluble in muriatic acid without effervescence. 


XVI.—Prussiates of Potash hed of Lime*. 

_ OF these two, the prussiate of potash is the most eligible. 
When pure, it does not speedily resume a blue colour on the 
addition of an acid, nor does it: dmmediately precipitate 
muriate of barytes. 

Prussiate of potash is a very sensible test of iron, with the 
solutions of which in acids it produces a Prussian blue pre~ 


cipitate, in consequence of a double elective affinity. To 


‘render its effect more certain, however, it may be proper to 
add, previously, to any water suspected to contain iron, a 
‘little muriatic acid, with a view to the saturation of un- 
combined alkalis or earths, which, if present, prevent: the 
. detection of very minute quantities of iron. 

1. Hf a water, after boiling and filtration, does not afford 


a blue precipitate, on the ee eam of, prussiate of potash, / 


the solvent of the iron may be inferred to be a volatile one, 
and probably the carbonic acid. 

2. Should the precipitation ensue in the baer water, the 
solvent is a fixed acid, the nature of which must be ascer- 
tained by other tests. 
~ Doubts had been thrown, by several chemical writers, on 
the fitness of the ferro-pr ussiate of potash for determining 
the quantit q. of iron in solutions of that metal. But Mr. 
Porrett, in his able inquiry into the nature of the triple 
prussiates, has shown that, with certain precautions, the 
' ferro-prussiate of potash is fully Beret to this purpose +. 
It is necessary to observe 


ist. That if tie ferro-prussiate, after being dissolved in 
water gives, immediately , a blue precipitate by the addition . 


of muriatic acid, it is not pure, and will afford a fallacious 
result. | ha Sli 
SGA i Mead EAST Bis tae OB: weblne B 5 He Memeo: Baht 


* The triple prussiates are to be understood in this pace | 
bids ire Trans, 1814, p. 538. 0 ; Jos gs 


SECT. T: ANALYSIS OF WATERS, » 397. 


gdly. That if this salt, however pure, be added, in excess, 
to a solution of iron containing an excess of acid, and then 
heated, the Prussian blue thrown down will weigh more than 
it ought; because some is furnished by the decomposition of 
the Horst ussic acid, contained in at part of the salt, 
which has been added in excess, : 

‘$dly. That Prussian blue, even after it has been Died is 
materially acted upon by a mixture of nitric and muriatic 
acids, and, in some degree, by the muriatic acid alone at a 
boiling heat. 

4thly. That Prussian blue, when precipitated, often carries 
with it sulphate of potash, derived from the liquid from 
which it is thrown down; and that this sulphate adheres to 
it so obstinately, that several washings with water, acidulated 
with sulphuric acid, are necessary to detach it. 

-$thly. That if the solution, to which the test is applied, 
contain not only irov, but alumine, oxide of copper, or 
any other substance, which the test is known to precipitate, 
that substance should be removed, by the usual i 
‘previously to the application of the test. 

Suppose then, for example, that we have barytes, alumine, 
‘magnesia, and oxides of iron and copper, in a ‘state of 
solution by nitro-muriatic acid. The solution, if not already 
neutral, may first be rendered so by the cautious addition of 
ammonia. The‘barytic salt may next be decomposed by a 
solution of sulphate of soda, added till it ceases to occasion 
a precipitate. Ammonia, added to the residuary liquor, 
throws down the other earths and oxides, and an excess of 
it will re-dissolve the oxide of copper. From the insoluble 
-part, consisting of alumine, magnesia, and oxide of iron, — 
solution of pure potash will remove the alumine. The 
_. oxide of iron and magnesia may then be re-dissolved in any 
suitable acid; and to the solution, neutralized, or nearly so, 
by ammonia if necessary, the ferro-prussiate may be poured, 
till it ceases to produce any effect, taking care to add as 
little excess as'possible. ‘The precipitate pasliod; dried ata 
steam heat, and weighed, will indicate in every 100 Sa 
84.235 grains of peroxide of iron. 

Besides iron, the: es alkalis also pr ecigsithte' mu- 
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riate of alumine. No conclusion, therefore, can be deduced, 
respecting the non-existence of muriate of alumine, from 
any process, in which the prussic test has previously been 
used. It will, therefore, be proper, if a salt of alumine be 
indicated by other tests, to examine the precipitate effected 
by prussiate of potash. This may be done by repeatedly 
boiling it to dryness with muriatic acid, which takes up the 
alumine, and leaves the prussiate of iron. From the mu- 
riatic solution, the alumine may be precipitated bya solution 
of carbonate of potash. 

According to Klaproth (ii. 55), solutions of yttria (which 
earth, however, is not likely to be present in any mineral 
water) afford, with the Prussian test, a white precipitate, 
‘passing to pearl-grey, which consists of prussiate of yttria. 
This precipitate disappears on adding an acid, and hence 
may be separated from prussiated iron. ‘The same accurate — 
«chemist states, that the Prussian test has no action on salts 
with base of glucine (ib.); but that it precipitates zircon 
from its solutions. (ii. 214.) 

The prussiated alkalis decompose, also, all metallic ie 
tions excepting those of gold, platina, iridium, seeder, 
osmium, and antimony. 


XVIL.—Succinate of Soda and of ‘Ammonia, 


1. The succinate of soda was first recommended by 
‘Gehlen, and afterwards employed by Klaproth (Contriby- 
tions, ii. 48) for the discovery and separation of iron. The 
salt with base of ammonia has also been used for a similar 
purpose by Dr. Marcet, physician to Guy’s Hospital, in a 
skilful analysis of the Hirigiahog chalybeate, which is pub- 
dished in the new edition of Dr. Saunders’ 's Treatise on 
Mineral Waters. . | 
_ The succinic test is prepared by saturating Kaiba: of 
soda or ammonia with succinic acid. In piipiny the test, 
it is necessary not to use more than is sufficient for the pur- 
pose; because an excess of it re-dissdlves the precipitate. 
The best mode of proceeding is to heat the solution con- — 
taining iron, and to add gradually the solution of ‘succinate, © 
wntil it ceases to produce any turbidness. A:brownish pre- 
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‘cipitate is obtained, consisting of succinate of iron. ‘This, 
when calcined with a little wax, in a low red-heat, gives an 
oxide of iron, containing about 70 per cent. of the metal. 
From Dr. Marcet’s experiments, it appears that 100 grains 
of iron, dissolved in sulphuric acid, then precipitated by 
the succinate test, and afterwards burned with wax, give 148 
of oxide of iron; that is, 100 grains of the oxide indicate 
about 671 of metallic iron. 

. 2. The succinates, however, it is stated: by Dr. Marcet 
sad Mr. Ekeberg, precipitate alumine, provided there be no 
considerable excess of acid im the aluminous salt.. On mag- . 
nesia it has no action, and hence may be successfully em- 
ployed in the separation of these two earths. If 100 parts 
of octohedral crystals of alum be entirely decomposed by 
succinate of ammonia, they give precisely 12 parts of alum- . 
ine calcined in a dull red-heat. ‘The succinate of ammonia, 
it is stated by Mr. Ekeberg*, precipitates glucine; and 
the same test, according to Klaproth (11. 214), threws down 
aircon from its solutions. 

_ 'To separate all the iron and alumine from any water, 
long boiling is necessary -with free access of air, in order - 
that the iron may be completely oxidized ; for the stecinates — 
have no action on salts containing the protoxide of iron. 


XVIII.— Phosphate of Soda. 


An easy and valuable method of precipitating magnesia 
has been suggested by Dr. Wollaston. It is founded on the 
property which fully neutralized carbonate of ammonia 
possesses; first to dissolve the carbonate of magnesia, 
formed when it is added to the solution of a magnesian salt, . 
and afterwards to yield the earth to phosphoric acid, with | 
which and ammonia it forms a triple salt. For this purpose, 
a solution of carbonate of ammonia, prepared with a portion 
of that salt which has been exposed, spread on a paper, for 
a few hours to the air, is to be added to the solution of the 
magnesian salt sufficiently concentrated ;' or to a water sus- 
pected to contain magnesia, after being very much reduced 


. 


-* Journ. des Mines, No. 70, 
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by evaporation. - No precipitate will appear, till.a solution 
of phosphate of soda. is added, when an abundant one will 
falldown. Let this be dried in a temperature not exceeding 


100° Fahrenheit. One hundred grains of it will indicate 


19 of pure magnesia; about 66 of muriate of magnesia; 
and 62 of desiccated, or double that quantity.of crystallized, 

sulphate of magnesia. . If, instead, of drying the precipitate 
at a gentle heat, we calcine it, we may then reckon the cal 


ena phosphate: of. magnesia to indicate, in every hundred. 


grains, 38.5 of magnesia, or to be equivalent to 226 grains 
of the crystallized an page of that. earth. . 


XIX. — Muri iate of Lime. 


Muriate of lime i is principally of use in discovering the 
presence of alkaline carbonates, which, though they very 
rarely occur, have sometimes been found in mineral waters. 
Carbonate of potash exists in the waters of Aix-la-Cha- 
pelle; that of soda, in the water of a few springs and lakes; 
and the ammoniacal carbonate was detected by Mr. Caven- 
dish in. the waters, of Rathbone-place. Of all the three 
carbonates, muriate. of lime is a sufficient indicator ; for 
those salts separate from it a carbonate of lime, soluble with 
effervescence in muriatic acid. 

With respect to the discrimination of the different alkalis, 
potash may be detected by the nitro-muriate of platina, 
which distinctly and immediately precipitates that alkali and 
its compounds, and is not affected by soda. Carbonate of 
ammonia may be discovered by its smell; and by its pre- 
cipitating a neutral salt of alumine, while it has no action 
_ apparently on magnesian salts. | 


XX.—Solution of Soap in Alcohol. 


This solution may be employed to ascertain the com= 


parative hardness of waters. With distilled water it may 
be mixed, without any change ensuing; but if added to.a 


hard water, it ‘produces a: iene more considerable as" 


the water is less pure; and, from the degree of this milk- 
mess, an experienced eye will derive a tolerable indication 
os PF, & ee? UTS Coy 
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of the quality of the water. This effect is owing to the 


‘ 


alkali quitting the oil, whenever there is present in a water 
any substance, for which the alkali has a stronger affinity 
than it has for oil. Thus all uncombined acids, and all. 
earthy and metallic salts, decompose soap, and occasion 


that property in waters, , which i is termed. hardness. 4 
= 


ity at XXL —Aleohl * 


* Alcohol, when mixed with any water, in the proportion 


of about an equal bulk, precipitates all the salts which it is 
incapable of dissolving. (See Kirwan on Waters, page 


263.) 


XXII.—Hydro-Suiphuret of Ammonia. 
This and other sulphurets, as well as water saturated with 
sulphuretted hydrogen, may be employed in detecting lead 
and arsenic; with the former of which they give a black, 


and with the latter a yellowish precipitate. As lead and 


arsenic, however, are never found in natural waters, I shall 
reserve, for another occasion, what I have to say of the 
application of these tests. 


© 


"TABLE, 


: Showing the Substances that may be expected in Mineral 


Waters, and the Means of detecting them. 
. * 
Acids i in general. Infusion of litnius: Syrup of violets, I. 
Acid, boracic. Acetate of lead, XIII. 3: 
Acid, carbonic. Infusion of litmus, I. 1,2.—Lime water, 


_ VIII. 1.—Barytic water, IX. 1. 


Acid, muriatic. Nitrate and acetate oF silver, XII. 
Nitrate of mercury, XIV. 

Acid, nitric. Sulphuric acid, IV. 4. 
_ Acid, phosphoric. Solutions of barytes, mY 2. Nitrate 
of mercury, XIV. 3. : 

Acid, sulphurous. By its smell,—and destroying the 
colour of litmus, and of infusion of red roses isco the ces- 

VOL. 1, 2D 
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sation of the smell a few hours after the addition of the 
black oxide of manganese. 
Acid, sulphuric. Solution of pure barytes, IX. Barytic 
salts, XV. Acetate of lead, XII. 
Alka om in general, Veesanle colours, I]. Muriate of 
lime, XIX. we 
Alumine dissolved by mets Succinates, X VII. 
Ammonia,- by its smell, and tests, Il. Nitrate of mer- 
eury, XIV. 2. 
Barytes, and its compounds, by sulphuric acid, IV. 
Carbonates in general. Yiffervesce on adding acids. 
Earths dissolved by carbonic acid. By a precipitation on 
boiling 3—by pure alkalis, VII. 
Hydro-sulphur et of lime. Sulphuric acid, 1V. Nitrous 
acid, V. : 
* Iron dissolved by carbonic acid. ‘Tincture of galls, Ii. 
1. Prussiate of potash, XVI. 1. Succinate of ammonia, 
XVII. 
Tron dissolved by be ch iets acid. Same ean Libs. 
XVI. 2. XVII. 
Lime in a pure state. Water saturated with icine 
acid. Blowing air from the lungs. Orxalic acid, V1. 
Lime dissolved by carbonic acid. Precipitation on boiling. 
— Caustic alkalis, VII. Oxalic acid, VI. 
Lime dissolved by sulphuric acid. Oxalate of ammonia, 
VI. Barytic solutions, IX. and XV. 
_ Magnesia dissolved by carbonic acid. Precipitation on 
‘boiling,—the precipitate soluble in dilute sulphuric acid. 
Magnesia dissolved by other acids. ' Precipitated by pure 
ammonia, not by the carbonate, VII. 5. Phosphate of 
soda, XVII. 
. Muriates of alkalis. Solutions of stan XII. 
of lime. Solutions of silver, XIl. Oxalic acid 
| si oxalate of ammonia, VI. 
 Sulphates in general. Barytic solutions, IX. and XV. — 
Fee of lead, XIII. 4 
- Sulphate of alumine. Barytic solutions, IX. and XV.— 
& precipitate by carocnate of ammonia not soluble in,ace- — 


; 
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tous acid, but soluble in pure fixed alkalis by boiling. Sues 
cinates, XVII. 2. | ir 
Sulphate of lime. Barytic solutions, IX. and XV.— 
Oxalic acid, and oxalates, VI.—A precipitate by alkalis not 
soluble in dilute sulphuric acid. 
Sulphurets of atkalis. Polished metals, X. ‘Smell on 


adding sulphuric or muriaticacid. Nitrous acid, V. 


Sulphuretted hydrogen gas. By its smell. .\ Infusion of 
hitmus, I. Polished metals, X. Acetate of lead, XIII. 2*. 


SECTION II. 
Analysis of Waters by Evaporation. 
Berore proceeding to the evaporation of any natural 


water, its gaseous contents must be collected. ‘This may be 
done by filling with the water a large glass bottle, capable of 


holding about 50 cubical inches, and furnished. with a 


ground stopper and bent tube. The bottle is to be placed, 
up to its neck, in a tin kettle filled with a saturated solution 
of common salt, which must be kept boiling for an hour or 
two, renewing, by fresh portions of hot water, what is lost 
by ea The disengaged gas is conveyed, by the 
bent tube, into a graduated jar, filled with, and inverted in, 
mereury, where its bulk is to be determined. On the first 
impression of the heat, however, the water will be expanded, 
and portions will continue to escape into the graduated jar, 
till the water has attained its maximum of temperature. — 
This must be suffered to escape, and its quantity be deducted 
from that of the water submitted to experiment. 

In determining, with precision, the quantity of gas, it is 


“necessary to attend to the state of the barometer and ther- 


mometer, and to other circumstances already enumerated, 


-* The vapour of putrefying animal or vegetable matter dissolved in 
water, according to Klaproth, vol. i. page 590, often gives a deceptive 
jadication of sulphuretted hydrogen. : 

. 2n2 
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vol. i. page 129. Rules for ‘reducing observations made 
under different states of the barometer and thermometer, to 
a mean standard, will be given in the Appendix. If acon- 
siderable proportion of gas be contained in a mineral water, 
the most commodious method of receiving it is into a small 
gazometer. 

~The gases, most commonly found in mineral waters, are 
carbonic acid ; sulphuretted hydrogen; nitrogen gas ; oxygen 
gas ; and, in the neighbourhood of volcanoes only, sulphur- 
ous acid gas. 

To determine the proportion of the gases, constituting 
any mixture obtained from any mineral water in the fore- — 
going manner, the following experiments may be made. If 
the use of re-agents has not detected the presence of sul- 
phuretted hydrogen, and there is reason fo believe, from the 
same evidence, that carbonic acid forms a part of the mix- 
ture, let a graduated tube be nearly filled with it over quick- 
silver. Pass up a small portion of solution of potash, and 
agitate this in contact with the gas. ‘The amount of the 
diminution will show how much carbonic acid has been 
absorbed; and, if the quantity submitted to experiment, 
was an aliquot part of the whole gas obtained, it is easy to 
infer the total quantity present in the water. The unab- 
sorbable residuum consists, most probably, of oxygen and 
azotic gases ; and the proportion of these two is best learned 
by the use of Dr. Hope’s eudiometer. (See vol. 1 page 
148.) 

If sulphuretted fi vdioted be present, along with carbonic 

acid, the separation of these two is a problem of some 
difficulty. Mr. Kirwan recommends that a graduated glass 
vessel, completely filled with the mixture, be removed into a — 
vessel containing nitrous acid. This instantly condenses 
the sulphuretted hydrogen, but not the carbonic acid gas. 
I apprehend, however, that a more eligible mode will be 
found to be, the condensation of the sulphuretted hydrogen 

by oxymuriatic acid | gas (obtained from muriatic acid and 
_ hyper-oxymuriate of potash); adding the latter gas. very 
cautiously, as long as it produces any condensation. | Or, 
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perhaps a better plan of effecting the separation will be the 
following: Half fill a graduated phial with the mixed car- 
bonic acid and sulphuretted hydrogen gases, and expel the 
rest of the water by oxy-muriatic acid gas. Let the mouth 
of the bottle be then closed with a well-ground stopper, and 
let the mixture be kept twenty-four hours. ‘Then withdraw 
the stopper under water, a quantity of which fluid will 
immediately rush in. Allow the bottle to stand half an 
hour without agitation. The redundant oxymuriatic acid 
gas will thus be absorbed; and very little of the carbonic 
acid will disappear. Supposing that, to ten cubic inches of 


» the mixed gases, ten inches of oxymuriatic gas have been 


added, and that, after absorption by standing over water, 


_ fiveinches remain: the result of this experiment shows, that 


the mixture consisted of equal parts of sulphuretted hydro- 
gen and carbonic acid gases. 

Mr. Westrumb ascertains the proportion of sulphuretted 
hydrogen and carbonic acid gases, by the following method. 
He ittrodubes a known quantity of the water under ex- 
amination into a glass vessel, from which proceeds a curved 
tube, terminating in a long cylinder, filled ‘with lime-water. 
The gas is expelled by heat, and the precipitate collected. 
Protas 20 grains indicate 10 cubic inches of carbonic acid. 
To determine the quantity of sulphuretted hydrogen, the 


_. game experiment is repeated, substituting a solution of 
-super-acetate of lead. Hydro-sulphuret of lead is formed, 


in the proportion of 19 grains to 10 cubic inches of gas. 


This method, for several reasons which it would take too 
much room to state, is perhaps inferior to the one which I 
have just proposed. 4 

Whenever this complicated admixture of gases. occurs, 
as in the case of the Harrowgate-water, it is advisable to 
operate separately on two portions of gas, with the view to 
determine, by the one, the quantity of carbonic acid and 
sulphuretted hydrogen; and that of nitrogen and oxygen 
by the other. In the latter instance, remove both the ab- 
sorbable gases by caustic potash; and examine the remain- 
der in the manner already directed. 
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» Nitrogen gas sometimes occurs in mineral waters, almost 
in’an unmixed state. When this happens, the gas will be 
known. by the characters already described as belonging to 
it, vol. i. page 141. Sulphurous acid gas may be detected 
by its peculiar sinell of burning brimstone, and by its dis- 
charging the colour of an infusion of roses, which has been 
reddened by the smallest quantity of any ues spe ade- 
— to the vil 


MeDhé ssulaia employed for Evaporation, should be of 
such materials as are not likely to be acted on by the con- 
tents of the water. I prefer those of unglazed | Discuit ware, : 
made by Messrs. Wedgwood; but, as their surface is not 
perfectly smooth, and the dry mass may adhere so strongly 
as not to be easily scraped off, the water, when reduced to 
about one tenth or less, may be transferred, with any deposit 
that may have taken place, into a smaller vessel of glass. 
Here let it be evaporated to dryness. 

(a) The dry mass, when collected and accurately weighed, 
is to be put into a bottle, and alcohol poured on it, to the 
depth of an inch. After having stood a few hours, and 
been occasionally shaken, pour the whole on a filter, wash 
it with a little more alcohol, and dry and veer the re« 
mainder. 

(4) To the undissolved residue, add eight times its weight 
of cold distilled water; shake the mixture frequently ; and, 
after some time, filter ; ascertaining the loss of weight. 

(c) Boil the residuum, for a quarter of an hour, in some- 
what more than 500 times its ts weight of water, and after- 
wards filter. Batt 

(d) The residue, which must be dried and weighed, is no. 
longer soluble in water or alcohol. If it has a brown 
colour, denoting the presence’ of iron, let. it be moistened — 
with water, «nd exposed to the sun’s rays for some weeks. 

I. The solution in alcohol (a) may contain one or all of 
the following salts: Muriates of lime, magnesia, or barytes ; 
or nitrates of the same earths. Sometimes, also, the alco- 
hol may take up a sulphate of iron, in which the metal 
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is highly oxydized, as will appear from its reddish brown 
colour. 

1. In order to discover the salt and quantity of the 
ingredients, evaporate to dryness; weigh the residuum; 
add above half its weight of strong sulphuric acid; and 
apply a moderate heat. The muriatic or nitric acid will be 
expelled, and will be known by the colour of their fumes; 
the former being white, and the latter orange coloured. 

1 2)-To naeobeaiy whether lime or magnesia be the basis of 
the salts, let the heat be continued till no more fumes arise, 
and let it then be raised, to expel the excess of sulphuric 
acid. ‘To the dry mass, add twice its weight of distilled 
water. This will take up the sulphate of magnesia, and 
leave the sulphate of lime. ‘The two sulphates may be sepa- 
rately decomposed, by boiling with three or four times their 
weight of carbonate of potash. The carbonates of lime and 
magnesia, thus obtained, may be separately dissolved in 
_ muriatic acid, and evaporated. The weight of the dry 
~ salts will inform us how much of each the alcohol had taken 
up. Lime and magnesia may also be separated by the use 
of the phosphate af soda, applied in the manner already 
described in the preceding section, No. XVIII. 

The presence of barytes, which is very rarely to be ex- 
pected, may be known by a precipitation ensuing on adding 
sulphuric acid to a portion of the alcoholic solution, which 

has been diluted with 50 or 60 times its bulk of pure water. 

IJ. The watery solution (J) may contain a variety of salts, 
the accurate separation of which from each other is a pro- 

blem of considerable difficulty. cl 

1. The analysis of this solution may be attempted by 

crystallization. For this purpose, let one half be evapo- 
rated by a very gentle heat, not exceeding 80° or 90°. 
Should any crystals a baie on the surface of the solution, 
while hot, in the form of a pellicle, let them be separated 
and dried on bibulous paper. These are muriate of soda 
or common salt. The remaining solution,.on cooling very 
gradually, will, perhaps afford crystals distinguishable by 
their form and other qualities. When various salts, how~ 
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ever, are contained in the same solution, it is extremely — 
difficult to obtain them sufficiently distinct to ascertain their 
kind. 

2. The nature of the saline erkesits must, therefore, be 
examined by tests, or re-agents. 

The presence of an uncombined alkali will be discovered 
by the stained papers (page 386), and of acids by the tests 
(p. 384, 385). ‘The vegetable alkali, or potash, may be dis- 
tinguished from the mineral, or soda, by saturation with 
sulphuric acid,’ and evaporation to dryness; the sulphate of 

soda being much more soluble than that of potash; or, by 
supersaturation, with the tartarous acid, which gives a solu- 
ble salt with soda, but not with potash. Muriate of platina, 
also, is an excellent test.of potash and its combinations ; 
for, with the smallest portion of this alkali, or any of its 
salts, it forms a distinct and immediate precipitate; while 
it is not at all affected by the mineral alkali or its com- 
pounds. 

If neutral salts be present in the solution, we ‘me to 
ascertain both the nature of the acid and of.the basis. 
This may be done by attention to the rules already given 
for the application of tests, neuigh it is unnecessary to repeat 
in this place. 

III. The solution by boiling water contains scarcely any 
thing beside sulphate of lime. 

IV. The residuum (d) is to be digested in distilled vine- 
gar, which takes up magnesia and lime, but leaves, undis- 
solved, alumine and highly oxydized iron. Evaporate the 
solution to dryness. If it contain acetate of lime only, a 
substance will be obtamed which does. not attract moisture — 
from the air; if magnesia be present, the mass will deli-. 
quiate, ‘I'o separate the lime from the magnesia, proceed 
as in I. 

The residue, insoluble in 1 acetous acid, may contain alu- 
mine, iron, and silex. The two first may be dissolved by 
muriatic acid, from which the iron may be precipitated first 


by prussiate of potash, and the alumine sindbis bya fixed 
alkali, 
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EXAMINATION OF MINERALS. 


SECTION I. ae 


General Directions. 


‘THE chemical analysis of minerals is attended even with 
greater difficulties than that of natural waters; and it 
would require not only a separate work, but one of con- 
siderable extent, to comprehend rules for determining the 
proportions of all possible combinations. On the present 
occasion, I mean only to offer a few general directions for 
attaining such a knowledge of the composition of mineral 
bodies, as may enable the chemical student to refer them to 
their proper place in a mineral arrangement, and to judge 
whether or not they may admit of application to the uses of 
common life. ‘Those who are solicitous to become adepts 
in the art of mineral analysis, may read attentively the nu- 
merous papers of Vauquelin, Hatchett, and other skilful 
analysts, dispersed through various chemical collections ; 
and also an admirable work of M. Klaproth, lately trans- 
lated into English, entitled, ‘ Analytical Essays towards 
improving the Chemical Knowledge of Minerals,” 2 vols. 
8vo., published by Cadell and Davies, 1801. 


The great variety of mineral bodies, which nature pre- 
sents in the composition of this globe, have been classed by 
late writers under a few general divisions. They may be 
arranged under four heads. Ist, Earrus; 2d, Saurs; 3d, 
INFLAMMABLE Fossixs ; and, 4th, Mrrats, and their Ores. 

1, Harrus,—The formation of such a definition of 

6 


\ 
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earths as would apply exactly to the bodies defined, and to 
_ no others, is attended with considerable difficulty, and in- 
deed has never yet been effected. It would lead me into too 
long a discussion, to comment, in this place, on the defini- 
tions that have been generally offered, and to state the 
grounds of objection to each of them. Sensible, therefore, 
that I am unable to present, an unexceptionable character 
of earthy bodies, I shall select such a one as may be suffi- 
cient for the less accurate purpose of general distinction. 

“ The term earth, ” says Mr. Kirwan, “ denotes a taste~ 
jess, inodorous, dry, brittle, uninflammable substance, whose 
specific gravity does not exceed 4.9 (7. e. which is never five 
times heavier than water), and which gives no tinge to 
borax in fusion.” After stating some exceptions to this 
definition, afforded by the strong taste of certain earths, and 
the solubility of others, he adds, ‘* Since, however, a line 
must be drawn between salts and earths, I think it should 
begin where solution is scarcely perceptible; salts termi- 
nating, and earths, in strictness, commencing, where the 
weight of the water, requisite for the solution, exceeds that 
of the solvent 1000 times. But, not to depart too widely. 
from the commonly received import of words that are in 
constant use, substances that require 100 times their weight 
of water to dissolve them, and have the other sensible pro- 

ita of earths, sin be so pie in a loose and popular 
sense.” 

The simple, or primitive earths, are those which can only 
be resolved into oxygen and a metallic basis. Such are 
lime, magnesia, alumine, silex, &c. 

The compound earths are composed of two or more pri~ 
mitive earths, united chemically together. Sometimes the 
union of an earth with an acid constitutes what is vulgarly 

called an earth; as in the examples of sulphate of lime, 
fluate of lime, &c. 

II. Saurs.— Under this head Mr. Kirwan arranges “all 
those substances that require less than 100 times their weight 
of water to dissolve them.” This description, though by 
no means so amply characteristic of the class of salts as 
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to serve tak an exact amas Ae is sufficient for our present’ 
copia | 

III. “ By r1nFLAMMABLE FossILs,” the same author ob- 
serves, ‘are to be understood all those of mineral origin, 
whose principal character is inflammability; a criterion 
which excludes the diamond and metallic substances, though 
also susceptible of combustion.” 

IV. Merauuic supstTances are so, well characterized by 
external properties, as not to require any definition.— 
«* Those on which nature has bestowed their proper me- 
tallic appearance, or which are alloyed only with other 
metals or semi-metals, are called native metals. But those 
that are distinguished, as they commonly are in mines, by’ 
combination with some other unmetallic substances, are 
said to be mineralized. ‘The substance that sets them in 
that state is called a mineralizer, and the compound of both, 
an ore.” ‘Thus, in the most common ore of copper, this’ 
metal is found oxydized, and the oxide combined with sul- 
phur. The copper may be said to be mineralized by oxygen 
and sulphur, and the compound i the three bodies is called 
an ore of copper. 


SECTION HI. 


Method x examining a Mineral, the Composition of which 
is unknown. 


A miNERAL substance, presented to our examination 
without any previous knowledge of its composition, should 
first be referred to one of the above four classes, in order 
that we may attain a general knowledge of its natures before 
ene to mand yo it minutely. 

J. To ascertain whether the unknown mineral contain 
saline matter, let 100 grains, or any other determinate quan- 
tity, in the state of fine powder, be put into a bottle, and 
shaken up repeatedly with 30 times its weight of water, of 
the temperature of 120° or 130°. After having stood an 
hour er two, pour the contents of the bottle on a filtering 
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paper, previously weighed and placed ona funnel... When. 
the water has drained off, dry the powder on a filtering 
paper, in a heat of about 212°: and, when dry, let the 
whole be accurately weighed. If the weight be consider- 
ably less than the joint weight of the powder before diges-. 
tion and the filtering paper, we may infer that some salt has 
been dissolved, a the decrease of weight will indicate its, 
quantity. 

In certain cases it may be advisable to use repeated por-, 
tions of boiling water, when the salt suspected to be present 
is difficult of solution. pa 

Should the mineral under examination be proved, by 
the foregoing experiment, to contain much saline matter, 
the kind and proportion must next be determined, by rules 
which will hereafter be laid down. | 

II. Thesecond class, viz. earthy bodies, are distinguished 2 
by their insolubility in water, by their freedom from taste, 
by their uninflammability, and by their specific gravity 
never reaching 5, If, therefore, a mineral be insoluble in 
water, when tried in the foregoing manner; and if it be 
not consumed, either wholly or in considerable part, by, 
keeping it, for some time, on a red-hot iron; we may con~ 
clude that it is neither a salt nor an inflammable body. 

III. The only remaining class with which it can be con- 
founded are ores of metals, from many of which it may be 
distinguished merely by poising it in the hand, the ores of 
metals being always heavier than earths; or, if a doubt 
should still remain, it may be weighed hydrostatically. The 
mode of doing this it may be proper to describe; but the 
principle on which the practice is founded, cannot with 
propriety be explained here. Let the mineral be suspended 
by apiece of fine hair, silk, or thread from the scale of a 
balance, and weighed in the air. Suppose it to weigh 250 
grains. Let it next (still suspended to the balance) be im-— 
gers in a glass of distilled water, of the temperature of 
60° Faht. The scale containing the weight will now pre- 
- ponderate. Add, therefore, to the wold: from which the. 
raineral hangs, as many grain-weights as are necessary to — 
restore the equilibrium, Suppose that 50 grains are neces= 
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sary, then the specific gravity may be learned by dividing 
the weight in air by the weight lost in water. Thus, in the 
foregoing case, 250 + 50=5; or, a substance which should 
lose weight in water, according to the above proportion, 
would be five times heavier than water. It must, therefore, 
contain some metal, though probably in no great quantity. 
Any mineral, which, when weighed in the above manner, 
proves to be 5, 6, 7, or more, times heavier than ‘water, 
may, therefore, be inferred to contain a metal, and may be 
referred to the class of ores. 

IV. Inflammable substances are distinguished by their 
burning away, either entirely or in considerable part, on a 
red-hot iron; and by their detonating, when mixed with 
powdered nitre, and thrown into a sarHee crucible. Cer- 
tain ores of metals, however, which contain a considerable 
proportion of inflammable matter, answer to this test, but 
may be distinguished from purely inflammable substances by 
their greater specific gravity. | 

I shall now proceed ‘to offer a few general rules for the 
,more accurate examination of substances of each of the 
above classes. 


age 


SECTION If. 
Examination of Salis. 


1. A soLuTIoN of saline matter, obtained in the foregoing 
_ manner (see page 411), may be slowly evaporated, and left 
to cool gradually. When cold, crystals will probably ap- 
pear, which a chemist, acquainted with the forms of salts, 
will easily recognize. But, as several different salts may be 
_ present in the same solution, and may not crystallize in a 
sufficiently distinct shape, it may be necessary to have re- 
course to the evidence of tests. 

2. Let the salt, in the first place, be referred to one of 
the following orders. 

ca Acids, or salts with excess hie acid. These are known 


et 
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by their effect on, blue vegetable colours. The particular 
species of acid may be dior ee by the tests described, 
page 401. 

(0) Mbiedis, These are characterized by their effect on 
vegetable colours; and by the other properties Sie 8 Hi 
vol. 1. page 206. 

(c) Salts with metallic bases. . Metallic salts afford a 
very copious precipitate when mixed with a solution of 
prussiate of potash. To ascertain the species of metal, pre- 


cipitate the whole by prussiate of potash, calcine the pre- 


cipitate, and proceed according to the rules which will 
hereafter be given for separating metals from each other. — 
(d) Salts with earthy bases. Vf a solution of salt, in 
which ferro-prussiate of potash occasions no precipitation, 
afford a precipitate, on adding pure or carbonated potash, 
we may infer, that a compound of an acid, with some one 
of the earths, is present in\the solution. -Or if, after ferro- 
prussiate of potash has ceased to throw down a sediment, 
the above-mentioned alkali precipitates a farther portion, 
we may infer that both earthy and metallic salts are con- 
tained in the solution. Jn the first case, add the alkaline 
solution, and, when it has ceased to produce any effect, let 
the sediment subside, decant the supernatant liquor, and 
wash and dry the precipitate. The earths may be examined, 
according to the rules that will be given in the following 
article. ce the second case, ferro-prussiate of potash must 
be added, as long as it precipitates any thing, and the liquor 
must be decanted from the sediment, which is to be washed 
with distilled water, adding the washings to what has been 
poured off. The decanted solution must next be mixed 
with. the alkaline one, and the precipitated earths reserved 
for experiment. By this last process, earths and metals 
may be separated from each other. | 3 : 
(e) Neutral salts with alkaline bases. ‘These salts are not. 
precipitated either by prussiate or carbonate of potash. It 
may happen, however, that salts of this class may be con- 
~ tained in a solution, along with metallic or earthy ones. In 
this case the analysis becomes difficult; because the alkali, 
$ 
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which is added to precipitate the two last, renders it difficult 
to ascertain whether the neutral salts are owing to this 
addition, or were originally present. I am not aware of 
any method of obviating this difficulty, except the following: 
Let the metals be precipitated by prussiate of ammonia, 
and the earths by carbonate of ammonia, in a temperature 
of 180° or upwards, in order to ensure the decomposition 
of magnesian salts, which this.carbonate does not effect in 
the cold. Separate the liquor by filtration, and boil it to 
dryness. Then expose the dry mass to such a heat as is 
sufficient to expel the ammoniacal salts*, Those~ with 
bases of fixed alkali will remain unvolatilized. By this 
process, indeed, it will be impossible to ascertain whether 
ammoniacal salts were originally present; but this may be 
learned by adding to the salt under examination, before its 
solution in water, some pure potash, which, if ammonia be 
contained in the salt, will produce the peculiar smell of that 
alkali. The vegetable and mineral alkalis. may be distin- 
guished by adding to the solution a little tartarous acid, 
which precipitates the former but not the latter; or by mu- 
rlate of platina, which acts only on the vegetable alkali. 

Having ascertained the basis of the salt, the acid will 
easily be discriminated. Muriated barytes will indicate sul- 
phuric acid; nitrate of silver the muriatic ; and salts, con- 
taining nitric acid, may be known by a detonation ensuing 
on projecting them, mixed with powdered charcoal, into a 
red-hot crucible. 


* This application of heat will drive off, also, any excess of the 
ammoniacal carbonate, which might have retained in solution either 
yttria, glucine, or zircon. The alkaline salts may be separated from 
_ these earths, by boiling the mixture in water, filtering, and evaporating. 
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SECTION ‘IV. 


"ay te | 


Examination of Earths and Stones. 


WHEN a mineral, the composition of which we are de- 
tirous to discover, resists the action of water, and possesses 


characters that rank it among earthy bodies, the next object. 


of inquiry is the nature bei the earths that enter into its 


composition; in other words, how many of the simple — 


earths, and which of them it may contain.—Of these-earths 
(viz. silex, alumine, ‘magnesia, lime, strontites, barytes, 
zircon, glucine, and yttria), one or more may be expected 
“in the composition of a mineral, beside a small proportion 
of metals, to which the colour of the’stone is owing... In 
general, however, it is not usual to find more than four’ of 


the simple earths in one mineral. The newly discovered | 


earths, zircon, glucine, and yttria, occur very rarely. . 

A stone, which is intended for chemical examination, 
should be finely powdered, and care should be taken that 
the mortar is of harder materials than the stone, otherwise 
it will be liable to ‘abrasion, and uncertainty will be occa- 
sioned in the result of the process. A longer or shorter 
time is required, according to the texture of the stone. Of 
the harder gems, 100 grains require two or three hours » 
trituration. For soft stones, a mortar of “Wedgwood’s 
ware is sufficient ; but, for very hard minerals, one of agate, 
or hard steel, is required ; and the stone should be weighed 


df 


both before and after pulverization, that the addition, if — 


any, may be ascertained and allowed for. Gems, and 
stones of equal hardness, gain generally from 10 to 13 per 
cent. When a stone is extremely difficult to be reduced to 
powder, it may sometimes be necessary to make it red-hot, 
and while in this state to plunge it into cold water. By this 


process it becomes brittle, and is afterwards easily pul- — 


verized. But this treatment is. not always effectual; for 
Klaproth found the hardness of corundum not at all dimi- 
nished by igniting it, and quenching in cold water, 
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The chemical agents, employed in the analysis of stones, 
should be of the greatest possible purity. To obtain them 
in this state, directions have been given in the former part 
of this work. | 

In treating of the analysis of stones, it may be proper to 
divide them, 1st, into such as are soluble, either wholly or in 
part, and with effervescence, in nitric or muriatic acids, dir. 
luted with five or six parts of water; and, 2dly, into such as 
do not dissolve in these acids. 

1. Earths or stones, soluble with effervescence, in Bisa? 
nitric or sulphuric acids*. | 

(A) If it be found, on trial, that the mineral under exa- 
mination effervesces with either of these acids, let a given 
weight, finely powdered, be digested with one of them di- 
luted in the above proportion, i in-a gentle heat, for two or 
three hours. Ascertain the loss of weight, in the manner 
pointed out, vol.i. p. 289, and filter the solution, reserving 
the insoluble portion. | 

(B) The solution, when able tds may contain lime, mag- 
nesia, alumine, barytes, or strontites. ‘Io ascertain the pre- 
sence of the two last, dilute an aliquot part of the solution 
with 20 times its bulk of water, and add a little sulphuric 
. acid, or, in preference, solution of sulphate of soda. Should 
a white precipitate fall down, we may infer the presence of 
«gn of strontites, or of both. . 

(C) To ascertain which of these earths ni bar ytes or 
strontites) is presenit, or, if both are contained in the solution, 
to separate them from each other, add sulphate of soda till 
the precipitate ceases; decant the supernatant liquid; wash 
the sediment on a filter, and dry it.—Then digest it, with 
four times its weight of pure carbonate of potash, and a suf 
ficient quantity of water, in a gentle heat, during two or 
three hours. A double exchange of principles will ensue, 
and we shall obtain a carbonate of barytes or strontites, or a 
mixture of both. Pour on these, after being well washed, 


 * The sulphuric acid is chiefly eligible for stones of the magnesian 
‘genus. 
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nitric acid, of the specific gravity 1.4, diluted with an equal 
weight of distilled water. This will dissolve the strontites, 
but not the barytes. To determine whether any strontites 
has been taken up by the acid, evaporate the sclution to 
dryness, and dissolve the dry mass in alcohol. This aleo- 
holic solution, if it contain nitrate of strontites, will burn 
with a deep blood-red flame. 

~ Barytes and strontites may also be separated from each 
other in ‘the following manner: To a saturated solution of 
the two earths in an acid, add prussiate of potash, which, 
if pure, will occasion no immediate precipitation; but, after 
some time, small and insoluble crystals will form on the 
_ surface of the jar. ‘These are the prussiated barytes, which 
may be changed into the carbonate by a red-heat, con- 
tinued, with the access of air, till the black colour disap- 
pears. The strontites may be afterward separated from the 
solution by carbonate of potash. : 

A third method of separating strontites from barytes is 

founded on the stronger affinity of barytes, than of the 
former earth, for acids. Hence if the two earths be present 
in the same solution, add a solution of pure barytes, till the 
precipitation ceases. The barytes will seize the acid, and 
will throw down the strontites. The strontitic solution, in 
this case, should have no excess of acid, which would pre- 
vent the action of the barytic earth*. 
- {D) The solution (B), after the addition of sulphate of 
soda, may contain lime, magnesia, alumine, and some me- 
tallic oxides. To separate the oxides, add prussiate of 
potash, till its effect ceases, and filter the solution, reserving 
the precipitate for future experiments. ; 

(E) When lime, magnesia, and alumine, are contained 
‘jn the same solution, proceed as follows: — 

(a) Precipitate the solution, previously made hot, by car- 
bonate of potash; wash the precipitate well, and dry it. It 


* Kiaproth separates barytes from strontites by evaporating the mixed 
solutions of both. The barytic salt, being less soluble, separates first 
and the strontitic is contained in the last portions. 
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will consist of carbonate of lime, magnesia, and alumine, 
(b) The alumine may be separated, by digestion with a so- 
lution of pure potash; which will dissolve the alumine but 
not the other earths. (c) To this solution of alumine, add 
diluted muriatic acid, till the precipitate ceases; decant the 
supernatant liquor; wash the precipitate well with distilled 
water, and dry it. ‘Then expose it to a low red-heat, in @ 
crucible, and weigh it, which will give the proportion of 
alumine. . i ask 

(F) Magnesia and lime may be separated by the following 
process: Evaporate the solution, in nitric or muriatic acid, 
to dryness. Weigh the dry mass, and pour on it, in a glass 
evaporating dish *, more than its own weight of strong sul- 
phuric acid. Apply a sand-heat till the acid ceases to rise, 
and then raise the heat, so as to expel the excess of sulphuric 
acid. Weigh the dry mass, and digest it in twice its weight 
of cold distilled water.—This will dissolve the sulphate of 
magnesia, and will leave the sulphate of lime, which must be 
put on a filtre, washed with a little more water, and dried 
in alow red-heat. To estimate the quantity of lime, deduct, 
from the weight of the sulphate, 59 per cenf. Acccording to 
Klaproth +, crystallized sulphate of lime contains one third 
of earth. 

If the lime be only in very small proportion to the mag- 
nesia, the two sulphates may be separated by evaporation, 
‘that of lime crystallizing first. 

From Klaproth’s experiments, 100 parts of sulphuric acid, 
specific gravity 1850, when saturated with lime, give 160 of 
sulphate. To saturate 100 parts of this acid, 55 parts of 
pure lime are required, or 100 of carbonate of lime. 

_ The magnesia is next to be precipitated from the sulphate 
by'the carbonate of potash, in a heat approaching 212°; and 


a 


’.* The bottom of a broken Florence flask answers this purpose ex- 
tremely well, and bears, without breaking, the heat necessary to expel 
the sulphuric acid. 

+ Vol. i. page 76, n. 
:. 252 
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the precipitate, after being well washed, must be dried, and 
calcined for an hour. Its weight, after calcination, will ~~ 
the quantity of magnesia contained in the stone. vsti 

(G) If magnesia and alumine only be contained in a 
solution’ (the absence of lime being indicated by the non- ; 
appearance of a'precipitate, on adding oxalate of ammonia), 
the two earths may be separated by adding, ‘to 'the cold so- 
-Jution, ‘the ‘carbonate of ammonia. « This will separate the 
alumine, which may be collected, washed, and dried. To 
ascertain that a complete separation of the two earths has 
been accomplished, the process may be followed, recom- 
mended by Klaproth,' vol. i. page 418. The» magnesia, 
remaining in solution, may be precipitated by carbonate of 
potash ; heat being applied, to expel the excess of carbonic 
acid. | 

Magnesia and alumine may, “also, be separated by sic 
einate of soda, which precipitates the latter earth only *. 

-When the solution of magnesia, of alumine, or of both, 
contains a small proportion of iron, this may be separated 
from either or both of the earths by evaporating to dryness, 
calcining the residue, during’ one hour, ina low red-heat, 
and dissolving again in dilute nitric acid, which does not 
sr up iron when thus oxydized. 

(H) The insoluble residue (A) may contain shite, 
silex, and oxides of metals, so highly charged with oxygen as 
to resist, the action of nitric and muriatic abide 

- (a) Add concentrated sulphuric acid, with a small quan- 
tity of potash, and evaporate the mixture to dryness,’ i in the 
vessel described in the note, page 419. On the dry mass 
pour a fresh portion of the acid; boil again to dryness, and 
let this be done, repeatedly, three or ir times. By this 
operation, the alumine will be converted into a sulphate of 
alumine and potash, which will be easily soluble in warm 
water; and from the solution, crystals of alum will shoot 


See sect. 1, xvil. of the chapter on Mineral Waters. — 
1 
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on evaporation*, Letthe sulphate of alumine be washed 
off, and the insoluble part be collected and dried. .The 
alumine may be precipitated by carbonate of potash; washed, 
dried, and ignited ; and its weight ascertained. _ 

_ During the evaporation of a solution of alumine, which 
has been separated from silex, portions of the latter earth 
continue to fall, even to the last +. These must be collected; 
and washed with warm water; the collected earth added to 
the portion (J), and the washings to the solution (a). 

Alumine may be separated from oxide of iron by a solu- 
tion of pure potash. : 

From whatever acid alumine is precipitated by fixed. al- 
kali, it is apt to retain a small portion of the precipitant. 
To ascertain the true quantity of this earth, it must, there- 
fore, be re-dissolved in acetous acid, again precipitated by 

solution of pure ammonia, dried, and ignited. rapits 

(6) The oxides (generally of iron. only) may be separated 
from the silex in the following manner:—Let the insoluble 

_ part (a) be heated in a crucible with a little wax... This 
will render the oxides soluble in diluted sulphuric acid, and 
the silex will be left pure and white. Let it be washed, 
ignited, and its weight ascertained. igo 

2. Stones insoluble in diluted nitric and muriatic acids. 

These stones must be reduced to powder, observing the 
cautions given in page 416. 3 

(I) Let 100 grains, or any other determinate inate: 
be mixed with three times their weight of pure and dry 
potash. Wut the whole into a cee of pure silver,. set 
in one of earthenware of a larger size, the interstice being 


filled with sand; and add a little water t... The crucible, 


* Klaproth procured crystals of alum from one fourth of a grain of 
alumine. The quantity of alumine he estimates at one tenth the weight 
of the crystallized alum which is obtained. 

+ See Klaproth, vol. 1. pages 66 and 75. 

{ Klaproth effected the disintegration of corundura (ae resisted 
eleven successive fusions with alkali) by adding to the powdered stone, in 
a crucible,a solution of pure potash, boiling to dryness, and pushing the 
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covered with a lid, must then be gradually heated; and, as 
the materials swell and would boil over, they are to be stirred 
constantly with a rod or spatula of silver. When the 
moisture is dissipated, and the mass has become quite dry, 
raise the heat as far as can be done without melting the cru- 
cible, if of silver, and continue the Heat daring half an 
hour, or an hour. | 

The phenomena that occur during this operation, indi- 
cate, in some degree, the nature of the mineral under ex- 
amination. If the mixture undergo a perfectly liquid fu- 
sion, we may presume that the stone contains much siliceous 
earth; if it remain pasty and opake, the other earths are 
to be suspected; and, lastly, if it have the form of a dry 
powder, the bulk of which has considerably increased, it is 
a sign of the predominance of alumine. 

If the fused mass have a dark green or brownish colour, 
the presence of oxide of iron is announced; a bright green 
indicates manganese, especially if the colour be imparted to 
water; and a yellowish green the oxide of chrome. 

(a): The disintegration of stones, consisting chiefly of 
alumine, is not easily effected, however, by means of potash. 
Mr. Chenevix found (Philosophical Transactions, 1802) 
that minerals of this class are much more completely de- 
composed by fusion with calcined borax, One part of the 
mineral to be examined, reduced to very fine powder, and 
mingled with 21 or three times its weight of glass of borax 
(see “chap. xvi.), Is to be exposed to a strong heat for two 
hours in a crucible of platina, set in a larger earthen one, 
and surrounded by sand. The crucible sri its contents, 
which adhere very strongly to it, are then to be digested, 
for some hours, with muriatic acid, by which a perfect so- 
lution will be accomplished. The whole of the earthy part 
is then to be precipitated by sub-carbonate of ammonia ; 
and the precipitate, after being well washed, is to be re- 


mixture to fusion. The alkali must be perfectly caustic, and must have 
been ‘purified by alcohol, as recommended, vol i. page 206-7. A plating 
crucible 1 is unfit for this purpose, as it 1s, corroded by pure alkalis, 
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_ dissolved ,in muriatic acid. By this means, the borax is 
sevarates\., The analysis is afterwards to be conducted 
nearly in the manner which will presently be described. 

. (K) The crucible, being removed from the fire, is to be 
well cleaned on the sitet de and set, with its contents, in a 
porcelain or glass vessel, filled with hot water, which is to 
be stirred and renewed, occasionally, till the whole mass is 
detached. The water dissolves a considerable part of the 
compound of alumine and silex with potash, and even the 
whole, if added in sufficient quantity. During cooling, a 
sediment occasionally forms, in the filtered kauor, of a 
‘brownish colour, which is oxide of manganese. (See Klap- 
roth, i. 345, 0.) | 

(L) To the solation (K), and the mass that has resisted 
solution, in the same vessel, add iauriatic acid. The first 
portions of acid will throw down a ficcculent sediment, 
which consists of the earths that were held dissolved by the 
alkali, Then an effervescence ensues; and a precipitate 
occurs, which is no sooner formed than it is dissolved. 
Lastly, the portion that resisted the action of water is taken 
up, silently if it contain alumine, and with effervescence if 
it be calcareous earth. 

(M) From the phenomena. attending the action “of mu- 
riatic acid, some indications may be derived. If the solu- 
tion assume a purplish red colour, it is a sign of oxide of 
manganese; an orange red shows iron; and a gold yellow 
colour betokens chrome. I['reedom from colour proves, 
that the stone contains no metallic ingredients. | 

(N) When the solution is complete, it is te be eyapo- 
rated to dryness in a glass vessel; but, if any thing resist 
solution, it must be heated,- as before (1), with eo 
When the liquor approaches to dryness, it assumes the 
form of a jelly, and must then be diligently stirred till 
quite dry. . ‘ 

(O) (a) Let the dry mass be digested, in a gentle heat, 
with three or four pints, or even more, of distilled water, and 
filtered. (b) Wash what remains on the filter, repeatedly, 

till the washing ceases to precipitate the nitrate of silver, 
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and add the washings to the filtered liquor. (c) Let the 

* vesidue on the filter be dried and ignited in a crucible. “Its 
weight shows the quantity of silex. If pure, it should be 
potfedily white, but if it has any colour, an admixture of 
some metallic oxide is indicated. From this it may be. 
purified by digestion in muriatic acid, and may sien be 
baa ainda: and weighed. 

(P) The solution (O), which, owing to the addition of 
is washings, will have considerable: bulk, is next to be 
evapor vated ill'less than a pint remains; carbonate of pot- 
ash ‘must then be added, and the liquor must’ be heated 
during a few-minutes. Let the precipitate, occasioned by 
the alkali, subside; decant the liquor from above it, and 
wash the sediment, repeatedly, with warm water. Let it 
then be put on a filter and dried. 

(Q) The dried powder may contain alumine, lime, mag- 
nesia, barytes, or strontites ;, besides metallic oxides, which 
may be’ separated from each other by the rules already 
given. 

(R) It may be proper to examine the solution (P) after 
the addition of carbonate of potash, in order to discover 
whether any and what acid was contained in the stone. 

(a) For this purpose, let the excess of alkali be neutral- 
ized by muriatic acid, and the liquor filtered. . 

(b) Add, to a little of this liquor, a solution of muriated 
barytes. Shoulda copious precipitate ensue, which is in- 
soluble in dilute muriatic acid, the presence of sulphuric 
acid is detected, And if much barytes, strontites, or lime; — 
has been found in the precipitate (Q), we may infer the 
presence of a sulphate of one of these three earths, 

(c) If, on mixing the liquid (a) with the solution of mu- 
riated barytes, a precipitate ensues which is soluble, without 
effervescence, in muriatic acid, the phosphoric acid may be 
known to be present; and, if lime be sep found, the phos- 
phate of lime is indicated. 

(d) To a portion of the liquor (a) add a solution of mu- 
riate of lime till the psecipitate, if any, ceases. Collect this 
precipitate, wash it, dry it, and pour on. it a little sulphuric | 
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acid. Should acid fumes arise, the fluoric acid may be 
suspected. To ascertain its presence decisively, distil a 
portion of the precipitate with half its weight of sulphuric 
acid. The fluoric acid will be known by its effects on the 
retort, and by the properties described, chap. xvii. 

\(S): The method of separating, from each other, the me- 
tallic oxides, usually found as the colouring arte of 
stones, remains to be accomplished. 

(a) Let the precipitate, by the prussiate of sta (D), 
be exposed ‘to a red-heat, by which the prussic acid will be 
decomposed. The oxides thus obtained, if insoluble in dilute 
nitric or muriatic acid, will be rendered soluble, by again 
calcining them with the addition of a little wax or oil. 
(bd) Or the process may be varied by omitting the preci- 
pitation by prussiate of potash, and proceeding as directed 
(EK), page 418. 

‘The oxides will remain mixed with the cgitenh and 
lime, and, after the addition of sulphuric acid, will be held 
in solution by that acid, along with magnesia only. + 

In both cases the same method of proceeding may be 
adopted; such variation only being ‘necessary as is occas 
sioned by the presence of magnesia in the latter. 

(c) To the solution (a or b), containing several metallic 
__ oxides dissolved by an acid, add a solution of crystallized 

-¢arbonate of potash, as long as any precipitation ensues. 
This will separate the-oxides of iron, chrome, and nickel; 
but the oxide of manganese and the magnesia, tn any Ba 

resent, will remain dhiaveltcal 

If a small quantity of oxide of manganese be suspected 
in an oxide of iron, it may be detected by mixing the oxide’ 
with nitre, and throwing the mixture into a red-hot. cruci- 
ble. Manganese will be indicated by an Sedachnape red 
tinge in he solution of this nitre. 

To separate the oxides of iron and manganese from each 
other, Gehlen recommends succinic acid, which is Preferred, 
also, by Klaproth and Bucholz. Berzelius employs for this 
purpose the compounds of benzoic acid. Dr. John advises 
the addition of oxalate of potash to the solution of the two 


a 
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oxides, first rendered as neutral as possible; but Bucholz 
finds that this process is imperfect, and, that the oxalates 
precipitate Manganese as well as iron. Mr. Hatchett has 
lately .published a new method of separating iron from 
manganese. . The solution of the ore, made by muriatic 
acid, and filtrated, must be diluted with three or four pints 
of cold distilled water. To this liquid, pure ammonia must 
be sradually added, till it slightly restores the blue colour 
of reddened: litmus paper. The oxide of iron will thus be 
separated, and will remain on the filtre upon: which the 
- liquor is thrown; and the oxide of manganese will pass 
through it, in a state of solution. The conical of manganese 
may be obtained by evaporation to dryness, and by calpitsnis 
in a heat sufficient to expel the muriate of ammonia*. _ 

(d) Magnesia and oxide of manganese may be separated 
by adding to their solution (c) the hydro-sulphuret of pot- 
_ ash.t, which will throw down thé manganese, but not the 
magnesia. The precipitated manganese must be calcined 
with the access of air and weighed. ‘The magnesia may 
afterward be separated by solution of pure netadhs and, 
when precipitated, must’ be washed, dried, and calcined. 

(ce) ‘The oxide of chrome may be separated from those of 
iron and nickel, by repeatedly boiling the three to dryness, 
with nitric acid. This will acidify the chrome, and will ren- 
der it soluble in pure potash, which does not take up the 
other oxides. From this combination with potash the 
chremic oxide may be detached by adding muriatic acid 
and evaporating: the liquor. till, it assumes green colour. 
Then, on. adding a solution of pure potash, at oxide of 
chrome will fall down, because the quantity of oxygen, 
required for its acidification, has been separated. by the mu-~ - 
Flatie acid. | 

(f) The oxides of iron aaa sickel are next to be dis- 
solved in muriatic acid; and to the solution pure liquid 
ammonia is to be added, till there is an evident excess of it. 
The oxide of iron will be precipitated, and must. be dried 


* Thomson’s Annals, v. 343. t See yol. i. page 359. . ». 
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ae weighed. If highly oxydized, it must, before weigh 
» be calcined with wax, in a crucible*. The owen of 
niekél remains dissolved by the excess of ammonia, to 
which it imparts a blue colour. It may be separated by 
evaporating the solution to tay and dissolving the 
salt +. 
- The analysis of the stone is now pacer and its acs 
curacy may be judged by the correspondence of the weight 
of the component parts with that of the’stone\ 
submitted to experiment. eae ! 
It may. be proper to observe, that certain stones, which 
are not soluble in diluted nitric and muriatic acids, may be 
decomposed by an easier process than that described (A). 
Among these are the compounds of barytes, strontites, and 
lime, with acids, chiefly with the sulphuric, fluoric, and phos- 
phoric. The sulphates of barytes, strontites, and lime; 
the fluate of lime; and the phosphate of lime ; are all found 
native in the earth, and, except the last, areall insoluble in the 
above-mentioned acids. They may be known generally by 
their external characters. ‘The compounds of barytes and 
strontites have a specific gravity ereater than that of other 
earths, but inferior to that of metallic ores. They have, 
frequently, a regular or erystallized form, are more or 
less transparent, have some lustre, and their hardness is 
such as does not prevent their yielding to the knife. ‘The 
combinations of lime, with the above-mentioned acids, are 
distinguished by similar characters, except that they are 
much less heavy. To the mineralogist; the: Savane rd form 
and characters of these stones are sufficient indications - 
their composition. : 
Instead of the fusion ith alkali, an easier process may 
be recommended. Let the mineral under examination be 


* Dr. Marcet alleges that after this operation, the iron still remams in 
the state of peroxide. Geolog. Transact. i. 

+ For an example of the separation of nickel from iron, see Klaproth, 
yol.i. page 422; where, also, and page 428, is an instarce of the 
testing of nickel for copper. 
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‘reduced to powder, and be digested, in nearly a boiling 
heat, during one or two hours, with three or four times its 
weight of carbonate of potash, and a sufficient quantity of 
distilled water. ‘The acid, united with the earth, will quit 
it and pass to the potash, while the carbonic acid will leave 
the alkali and combine with the earth. We shall obtain, 
therefore, a compound of the acid of the stone with potash, 


*~ which will remain in solution, while the carbonated earths 


will forn yan insoluble precipitate. The solution may be 
assayed to iscover the nature of the acid, according to the 
formula (I); and the earths may be separated from each 
other by the processes (TB) Secs 

(T) In the foregoing rules for analysis I have outed the 
diate of detecting and separating glucine, because this earth 
is of very rare occurrence. When alumine and glucine are 
present in a. mineral, they may be separated from the pre- 
cipitate (E. a) by pure potash, which dissolves both these 
earths. A sufficient quantity of acid is then to be added to 
saturate the alkali; and carbonate of ammonia-is to be poured 
in till ‘a considerable excess of this carbonate 1s manifested 
by the smell. The alumine is thus separated, but the glu- 
cine, being soluble in the carbonate of ammonia, remains 
dissolved, and may be precipitated by boiling the solution. 

(U) Zircon may be separated from alumine, by boiling 
the mixed earths with pure soda, which acts only on the 
latter *. Froman acid solution containing both earths, the 
alumine is thrown down by saturated carbonate of potash, 
which, when added in excess, re-dissolves the. zircon. 
Glucine and zircon, or glucine and yttria, may be separated, 
when mixed together in solution, by prussiate of potash, 
which has no action on glucine, but pireipicaiee the two 
other earths. on 7 

(V) To separate yttria fod alumine, precipitate them 
from a solution containing both earths, by pure ammonia; 
boil the precipitate in asolution of pure soda, which chiefly 
takes up alumine; neutralize the solution with sulphuric 


* Klaproth, vol. i. page 213. 
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acid, and add carbonate of soda to the solution, brought to 
the boiling temperature. A precipitate will ensue, con= 
sisting of alumine, with some yttria. ‘To separate the latter 
earth, dissolve in muriatic acid, and add an excess of car- 
bonate of ammonia, which takes up only the yttria. To 
ensure, still farther, the purity of the aiumine, dissolve the 
residue in an excess of sulphuric acid: add a small portion 
of sulphate of potash, and crystallize. the solution. The 
crystals of alum, that are produced, contain he tenth of 
alumine. ° 

(W) The presence of potash (which has lately ai dis- 
covered in some stones) may be detected by boiling the 
powdered mineral, repeatedly to dryness, with strong sul- 
phuric-acid’ Wash the dry mass with water, add a little 
excess of acid, and evaporate the solution to a smaller 
bulk. If crystals of alum should appear, it is a decisive 
proof of potash, because this salt can never be obtained, 
in a crystallized form, without the addition of the veve- 
table alkali. ta 

But since a mineral may contain potash, and little or no 
alumine, in which case no crystals of alum will appear, it 
may be necessary, in the latter case, to add a little alumine 

along with the sulphuric acid. Or the stone may be so 
hard as*to resist the action of sulphuric acid; and it will 
then be necesary to fuse it (in the manner directed (I) with 
soda, which has also a solvent power over alumine and 
silex. The fused mass is to be dissolved in water, and 
- supersaturated with sulphuric acid. Evaporate to dryness, 
re-dissolve in water; and filter, to separate the silex. LEva- 
porate the solution, which will first afford crystals of sul- 
phate of soda, and afterwards of sulphate of potash, should 
the latter alkali be contained in the mineral. 

Klaproth first discovered potash in leucite, on wll | 
up the results of its analysis, which gave a considerable loss 
of weight. By boiling the stone with diluted muriatic acid, 
and evaporation, he obtained crystals of muriate of potash. 
Another proof of the presence of potash was, that, when 
sulphuric acid was boiled with it, the solution gave crys- 
als of alum, to which potash is essential, He also boiled 
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the stone with muriatic acid, and, after dissolving the mus 
riate of alumine by alcohol, muriate of potash’ remained. 
The volcanic leucite contained less potash than other kinds. 
The same alkali he also detected, afterwards, in lepidolite. 

The potash, contained in sulphate of alumine, may be 
separated from the earth by adding a solution of pure ba- 
ytes as long as any precipitation is produced. ‘The alu- 
mine and sulphate of barytes will fall down together, and 
the potash will remain in solution. Its presence may be 
known by the tests, enumerated in the first chapter of 
part ii. (sect. 2.) 3 

X. Soda may be detected in a mineral by the following 
experiments :—Let the powdered stone be treated vith 
sulphuric acid, as in (U); wash off the solution, and add 
pure ammonia, till the precipitation ceases; then filter, 
evaporate the solution to dryness, and raise the heat so as 
to.expel the sulphate of ammonia. The sulphate of soda 
will remain, and may be known by the characters, Nel 1. 
page 328-9. 

Soda was first found, by Klaproth, in chr yolite,. i in the 
large proportion of 36 per cent. ‘This analysis was con- 
firmed by Vauquelin, whose mode of separating it happens 
to be the one I now-recommend. Both the fixed alkalis — 
have since been frequently discovered in native minerals; 
wiz. soda in basalt (Klaproth, ii. 195); in pitch-stone (207); ; 
and in kling-stone, amounting to 8 per cent. (182.) ‘The 
same skilful analyst has found potash in Hungarian pearl- 
stone (263); and, accompanied by soda, in pumice (20), . 


A new method has been proposed by Sir H. Davy *, for 
analyzing stones, containing either of the fixed alkalis ; vix. 
by means of the boracic acid. The process is sufficiently 
simple. One hundred grains of the stone to be examined 
must be fused, during half an hour, at a strong red-heat, 
with 200 grains of boracic acid. An ounce and a half of 
nitric Sick diluted. with seven or eight parts of water, 
must be digested on the mass, till the whole has been de- 


* Philosophical Transactions, 1805; or Nicholson’s Journal, xin. 86. 


SECT. IV. ANALYSIS OF MINERALS. ‘43t 


composed. The fluid must be evaporated, till its quantity 
is reduced to an ounce and half, or two ounces. 

If the stone contain silex, this earth will be separated 
in the process of solution and evaporation. It must be 
collected on a filter, and washed well with water, till the 
boracic acid, and all the saline matter’ are separated. The 
fluid, and all that has passed through the filter, must be 
evaporated to about half a pint; chee saturated with car- 
bonate of ammonia; and boiled with an ekcéss of that salt, 
till all the materials that it contains, capable of being pre- 
cipitated, have fallen to the bottom of the vessel. The so- 
lution must then be passed through a filter, which retains 
the earths and metallic oxides. It must then be mixed 
with nitric acid, till it tastes strongly sour, and evaporated 
till the boracic acid appears free. ‘The fluid must next be 
evaporated to dryness; when by exposure to a heat of 450° 
Fahrenheit, the nitrate of ammonia will be decomposed, and 
the nitrate of potash or soda will remain in the vessel. 

The remaining earths and metallic oxides are separated 
from each éther by common processes; viz. alumine by 
solution of potash; lime by sulphuric acid; oxide of iron 
by succinate of ammonia; oxide of manganese by hydro- 
- sulphuret of potash ; and magnesia by pure soda. 


2. Table of Substances which may le expected in Earths 
and Stones, and references to the means of separating them 
from each other. 


Acid, fluoric, R. d. ve) lg 
phosphoric, R. c. 
sulphuric, R. b. 
Alumine from lime and magnesia, E. 
its quantity, EH. c. 
from magnesia, G. 
silex, H. a. 
metallic oxides, H. a. 
glucine, T. 
‘Barytes and Strontites from other earths, B. 
from strontites, C. 
4s 
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_ Chrome from manganese, &c. S. c. 
iron and nickel, S. e. 
_ Earths from oxides, D. | 
Glucine from alumine, T. 
fron from manganese, S. e. 
nickel, S. fZ 
_ Lime from magnesia, F. 
. _, alumine, .E, 0. 
its quantity, F. 
Magnesia from lime, F. 
-alumine, G. 
manganese, S. d. 
its quantity, F. 
Manganese, indications of, M. 
_ from iron, chrome, and nickel, S, Ce 
| magnesia, S.d. 
Nickel from manganese, | S, e. 
IFO See 
Oxides, metallic, from earths, D.. 
_ Potash from earths and oxides, W. 
Silex from alumine, H. a. 
earths in general, O. c, 
oxides, H. 0. ; 
Soda from earths and oxides, X. 
‘Strontites, se Bari ates 
Vitria'from alumine, &e. V3- 
Zircon from alumine, &c. U. 


- SECTION V. 
Analysis of Inflammable Fossils. 
Tue exact analysis of inflammable fossils is seldom ne- 
cessary in directing the most beneficial application of them. 


It may be proper, however, to offer a few general rules for 
7 audeine © of their purity. 


~ 
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L.—Sulphur. 


Sulphur should be entirely volatilized by distillation in 
a glass retort. If any thing remain fixed, it must be con- 
sidered as an impurity, and ry: be examined by the pre- 
ceding rules. | 

Salphar, alse, should be thay dissolved by ‘boiling 
with solution of pure potash, and may be separated from 
its impurities by this alkali. 

Impure sulphur, consumed by burning in a small cru- 
cible, leaves a residue of oxide of iron arid silexe : 


II.—Coals. 


1. The proportion of bituminous matter in coal may be 
learnt by distillation, in an earthen retort, and collecting 
their product. 

_ 2, The proportion of earthy or metallic ingredients may 
be found, by burning the coal with access of air, on a 
red-hot iron. What remains unconsumed must be con- 
‘sidered as ah impurity, and may be analyzed ny the fore- 
going rules. 

3. The proportion of carbon may bé sec aited by ob- 
serving the quantity of nitrate of potash which a given 
baaight of the: coal is capable of decomposing. For this 
purpose, let 500 grains, or more, of perfectly piire nitre 
be melted in a crucible, and, when red-hot, let the coal to 
be examined, reduced to a coarse powder, be projected on 
the nitre, by small portions at once, not exceeding one 
or two grains. Immediately, when the flame, occasioned 
by one projection, has ceased, let another be made, and 
so on till the effect ceases. ‘The proportion of carbon in. 
the coal is directly proportionate to the quantity required 
to alkalize the nitre. ‘Thus, since 12/709 of carbon are 
required to alkalize 100 of nitre, it will be easy to deduce ' 
the quantity of carbon, in a given weight of coal, from the- 
quantity of nitre which it is capable of decomposing. abe 
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method, however, is liable to several objections, which its 
inventor, Mr. Kirwan, seems fully aware of *. 

Plumbago, or black-lead, is another inflammable sub- 
stance, which it may sometimes be highly useful to be able 
to identify, and to judge of its purity—When projected 
on red-hot nitre, it should detonate; and, on dissolving 
the decomposed nitre, an oxide of iron should remain, 


amounting to one tenth the weight of the plumbago, Any » 


mineral, therefore, that answers to these characters, and. 
leaves a shining trace on paper, like that of the black-lead 
pencils, is plumbago. 


SECTION VI. 


Analysis of Metallic Ores. 


Te class of metals comprehends so great a number of 


individuals, that it is almost impossible to. offer a.compre- 
hensive formula for the analysis of ores. Ores of the 


same metal, also, as the mineralizing ingredients vary, re- 
quire very different treatment, Yet some general directions 
are absolutely necessary, to enable the naturalist to judge 
of. the composition of bodies of this class. ' 


The ores of metals may be analyzed in ‘two. modes, in. 
the humid and, the dry way. The first is effected with the 
aid of acids and of other liquid agents, and may often be. 
accomplished by persons who are prevented by the-want . 


of furnaces, and other ‘necessary apparatus, from attempt- 
ing the, second. If sulphur, however, be present in an 


ere, which may be generally known by its external cha- 
racters, 2s described “by. mineralogical writers, it impedes. 
the action of acids; and should és separated, either, by. 
roasting the ore on.a mufile, or by projecting it, mixed, 
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with twice or thrice its weight of nitre, into a red-hot crw- ; 
cible, washing off the alkali afterwards by hot water. 

b It is hardly possible to employ a solvent, capable of 
taking up all the metals. Thus, the nitric acid does not 

act on gold or platina; and the nitro-muriatic, which dis- 

solves these metals, has no solvent action on silver. It will 

be necessary, therefore, to vary the solvent according to the 

nature of the ore under examination. 

1. For ores of gold and platina, the nitro-muriatic acid is 
the most proper solvent. A given weight of the ore may 
be digested with this acid, as long as it extracts any thing. 
The solution may be evaporated to dryness, in order to ex+ 
pel the excess of acid, and dissolved in water. The ad- 
dition of a solution of muriate of tin will show the presence — 
of gold by a purple precipitate; and platina will be indi- 
cated by a precipitate, on adding a solution of muriate of 
ammonia. When gold and platina are both contained in 
the same solution, they may be separated from each other 
by the last-mentioned solution, which throws down the 
platina but not the gold. In this way platina may be de- 
tached, also, from btliet metals. 

When gold is contained in a solution, along with several 
other metals, it may be separated from most of them by 
adding a. dilute solution of sulphate of iron. The only 
Hietile; which this salt precipitates, are gold, palladium, 
silver, and mercury. + 

2. For extracting’ silver from its ores, me nitric acid is 
the most proper solvent. Nitric acid, however, does not 
act on‘ horn-silver ore, which must be decomposed by car- 
_bonate of soda. ‘The silver may be precipitated from nitric 
acid by muriate of soda (common salt). Every 100 parts 
of the precipitate contains 75 of silver., But, as lead may 
be present in the solution, and this ‘theted! is; also precipi- 
tated by muriate of soda, it may be proper to immerse in 
the solution (which should not have any excess of acid) a 
polished plate of copper. This will precipitate the silver, 
if present, in a metallic form. The muriate of silver is 
also soluble in 1 liquid ammonia, which that of lead is not. 

2E2 
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¥or examples of the analysis of silver ores, the reader may 
consult Klaproth, vol, i. page 554, &c. 

a, Se Copper ores may be analyzed by boiling them with five 
times their weight of concentrated sable acid, till a dry 
mass is obtained, from which water will extract the sulphate 
_ofcopper. This salt is to be decomposed by a polished plate 
of iron, immersed in a dilute solution of it.. The copper will 
be precipitated in a metallic state, and may be sie xen off 
and weighed. 

If aber be suspected along with copper, nitrous acid must 
be employed as the solvent; and a plate of polished copper 
will detect the silver. 

The reader, who engages in the analysis of copper ores, 
will derive much advantage from the examples to be found in 
Klaproth’s Essays, vol. i. pages 54, 541, &c.; and also from 


Mr. Chenevix’s paper on the analysis of arseniates of copper - 


and iron, Philosophical Transactions, 1801, or Nicholson’s 
Journal, 8vo. vol. 1.; and. from VWauquelin’s remarks in 
-'Thomson’s Annals, iv. 157. 

4, Iron ores may be dissolved in dilute muriatic acid, or, 
if the metal be too highly oxydized to be dissolved by this 
acid, they must be previously mixed with one eighth of their 
weight of powdered charcoal, and calcined in a crucible for 
one hour. ‘The iron is thus rendered soluble. 

The solution must then be diluted with 10 or 12 times its 


quantity of water, previously well boiled, te expel the air, 


and must be preserved in a well-stopped glass bottle for six 
or eight days. The phosphate of iron will, within that 
time, ce precipitated, if any be present, ot the liquor must 
be decanted off. 

The solution may contain the oxides of iron, manganese, 
and zinc. It may be precipitated by carbonate of soda, 
which will separate them all. The oxide of zine will be 
taken up by a solution of pure ammonia; distilled vinegar 


will take up the manganese, and will leave the oxide of iron. | 


From the weight of this, after ignition, during a quarter of 
an hour, 28 per cent. may be deducted. The: remainder 
shows the cla of iron, — ! 
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5. Tin ores. 'To that most accomplished analyst, Klap- 
roth, we owe the discovery of a simple and effectual mode 
_ of analyzing tin ores in the humid way. 

Boil 100 grains, in a silver vessel, with a solution of 600 
grains of pure potash. Evaporate to dryness, and then 
ignite, moderately, for half an hour. Add boiling water, 
and, if any portion remain undissolved, let it undergo a 
similar treatment. 

Saturate the alkaline solution with muriatic acid, which 
will throw down an oxide of tin. Let this be re-dissolved 
by an excess of muriatic acid; again precipitated by carbo- 
nate of soda; and, being dried and weighed, let it, after 
lixiviation, be once more dissolved in-muriatic acid. The 
insoluble part consists of silex. Into the colourless solution, 
diluted with two or three parts of water, put a stick of zinc, 
round which the reduced tin will collect. Scrape off the 
deposit, wash, “dry, and fuse it under a cover of tallow in a 
capsule placed on charcoal. A button of pure metallic tin 
‘will remain at the bottom, the weight of which, deducted 
from that of the ore, indicates the proportion of oxygen. 

' The presence of tin in an ore is indicated by a purple 
precipitate, on mixing its solution in muriatic acid with one 
of gold in nitro-muriatic acid. 

6. Lead ores may be analyzed by solution in nitric acid, 

diluted with an equal weight of water. The sulphur, if any, 
will remain undissolved. Let the solution be precipitated by 
carbonate of soda. If any silver be present, it will be taken 
up by pure liquid ammonia. Wash off the excess of am- 
monia by distilled water; and add concentrated sulphuric 
acid, applying heat, so that the muriatic acid may be wholly 
expelled. Weigh the sulphate of lead, and, after deducting 
70 per cent., the remainder shows the*quantity of lead. 
_ Muriate of lead may also be separated from muriate of 
silver by its greater solubility in warm water. From the 
solution, iron may be separated by prussiate of potash, and 
the solution decomposed by sulphuric acid. 

7. Mercury may be detected in ores that are supposed to 
contain it, by distillation in an earthen retort with half their 
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weight of iron filings or lime. The mercury, if any be 
present, will rise nese} be condensed in the recetver. 

8. Ores of zinc may be digested with the nitric acid, and 
the part that is dissolved boiled to dryness, again dissolved 
in the acid, and ag4in evaporated. By this means the-iron, 
if any be present, will be rendered insoluble in dilute nitric 
acid, which will take up the oxide of zinc. To this solution 


add pure liquid ammonia, in excess, which will separate the ° 


jead and iron, if any should have been dissolved; and the 
excess of alkali will retain the oxide of zinc. This may be 
separated by the addition of an. acid, or by the eenpreaten 
of the solvent. 

9. Antimonial ores, Dissolve a given neigh in three or 
four parts of muriatic and one of nitric acid. This will take 
up the antimony, and leave the sulphur, if any. On dilution 
with water, the oxide of antimony is precipitated, and the 
jron and mercury remain dissolved. Lead may be detected 
by sulphuric acid *. 

10. Ores of arsenic may be digested with nitro-muriatie 
acid, composed of one part nitric, and one and a half or two 
of muriatic acid. Evaporate the solution to one fourth, and 
add water, which will precipitate the arsenic. The iron 
may afterwards be separated by ammoniaf. __ 

11. Ores of bismuth are also assayed by digestion in nitric 
acid moderately diluted, The addition of water precipitates 
the oxide, and, if not wholly separated at first, evaporate the 


solution ; ier which, a farther addition of water will pre-— 


cipitate the remainder f. p 
12. Ores of cobalt may be dissolved in nitro-muriatic aaa 
Then add carbonate of potash, which at first separates iron 


and arsenic. Filter, and add a farther quantity of the car-— 


* See Klaproth on the Analysis of Antimoniated Silyer Ore, vol, i, 
age 560. st 
+ See Chenevix, Philosophical Transactions, 1801, page 213. 


} See Analysis of an Ore of Bismuth and Silver, in Klaproth, vol. 1, ! 


page 5543 Mode of detecting a small Quantity of Silyer in Bismuth, 
“page 220, Cy 
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bonate, when a greyish red precipitate will fall down, which 
is oxide of cobalt. The iron and arsenic may be separated 
by heat, which volatilizes the arsenic. Cobalt is also ascer- 
tained, if the solution of an ore in muriatic acid give a 
sympathetic ink *. 

13. Ores of nickel. Dissolve them in nitric acid, and add 
to the solution pure ammonia, in such proportion that the 
alkali may be considerably in excess. This will precipitate 
other metals, and will retain the oxide of nickel in solution, 
which may be obtained by evaporation to dryness, and 
heating the dry mass till the nitrate of ammonia has sublimed. 

14. Ores of manganese. ‘The earths, and. several of the 
metals, contained in these ores, may fitst be separated by 
diluted nitric acid, which does not act on highly oxydized 
manganese. ‘The ore may afterward be digested with strong 
muriatic acid, which will take up the oxide of manganese. 
Oxygenized muriatic acid will arise, ifa gentle heat be ap- 
plied, and may be known by its peculiar smell, and by its 
discharging the colour of wet litmus paper exposed to the 
fumes. From muriatic acid the manganese is precipitated 
by carbonate of soda, in the form of a white oxide, which 
becomes black when heated in a crucible. Ores, suspected 
to contain manganese, may also be distilled per se, or with 
sulphuric acid, when oxygen gas will be obtained. Oxide 
of manganese may be separated from oxide of iron by solt- 
tion of pure et which takes up the former but not the 
latter +. 

Ores: of manganese may also be distinguished by the 
colour they impart to borax, when exposed een to the 
blow-pipe. f. 


_ *® See chap xix. sect. 17.--An example of the analysis of an ore of 
- eobalt may be seen in Klaproth, vol. 1. page 564; and of sulphate of 
cobalt, page 579. 

+ See the analysis of an ore of manganese, vid humidd, in Kiaproth: 
yol. i. page 510; and of a cobaltic ore of manganese, page 569. 

t See chap, xix. sect. 18, and also Thomson’s Annals, i il. 312. 
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15. Ores of, uranium. ‘These may be dissolved: in dilute 
nitric acid, which takes up the uranitic oxide, and leaves 
that of iron; or in dilute sulphuric acid, which makes the 
same election; or, if any iron has got into the solution, it. - 
may be precipitated by zinc. Then add caustic potash, 
which throws down the oxide of zincand uranium. The 
former may be separated by digestion. in pure ammonia, 
which leaves, undissolved, the oxide of uranium. This, 
when dissolved by dilute sulphuric acid, affords, on evapo- 
ration, crystals of a lemon yellow colour. 

If copper be present, it will be dissolved, along with the 
zinc, by the ammonia. If lead, it will form, gee sulphuric 
acid, a salt much less soluble than the sulphate of uranium, 
and which, on evaporation, will therefore separate first. 

16. Ores of tungsten. or these the most proper treat- 
ment seems to be digestion in nitro-muriatic acid, which 
takes ‘up the earths and other metals. The tungsten remains 
in the form of a yellow oxide, distinguishable, by its becoming 
white on the addition of liquid ammonia, from the oxide of 
uranium, To reduce this oxide to tungsten, mix it with an 
equal weight of dried blood, heat the mixture to redness, 
press it into another crucible, which should be nearly full, 
and apply a violent heat for an hour at least, : 

17. Ores of molyldena, Repeated distillation to dryness, 
_ with nitric acid, conyerts the oxide. into an acid, which is 
- insoluble in nitric acid, and may, thus be separated from other 
metals, except iron, from which it may be dissolved by sul- 
phuric or muriatic acids. The solution in sulphuric acid is 
blue, when cold, but colourless, when heated. “That in 
mruriatic acid is only blue, when the acid is heated and 
concentrated *. 

Respecting the ores of the remaining metals, sufficient 
information has been already given for the purposes of the 

eneral student, in part i. chap. xix. of this work; and they 
are of such rare occurence, that it is unnecessary to describe 


* See Hatchett’s Analysis of the Carinthian Molybdate of Lead, Phis 
bo sophical Transactions, ike and Klaproth, vol. 1. pages 534, $38, 
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them more, in detail, It may be proper, however, to state 
where the best examples of the analysis of each may be found. 

18. Ores of titanium. Consult Gregor, in Journ. de 
Physique, xxxix. 72. 152; Klaproth, i. 496; and Chenevix, 
Nicholson’s Journal, v. 132. 

19. Ores of tellurium. See Klaproth, ii. 1. 

20. Ores of tantalium. Ann, de Chim. xliii. 276. 

21. Ores of chromium. Vauquelin, Ann. de Chim. xxv. 

22. Ores of columbium. Hatchett, Phil Trans. 1802. 

23. Ores of palladium and lense Wollaston, Phil. 
Trans. 1805. 

24. Ores of iridium and osmium, Tennant, Phil. Trans. 
1804. . : 
25. Ores of cerium. MHisenger and Berzelius, and Vau- 
quelin, Nicholson’s Journal, xii. 


é 


SECTION VI, 
Analysis of Ores in the dry Way. 


To analyze ores in the dry way, a method which affords, 
the most satisfactory evidence of their composition, and 
should always precede the working of large and extensive 


strata, a more complicated apparatus is required.—An as- 


| saying furnace, with muffles, crucibles, &c., are absolutely 
necessary. These have already been enumerated in the 
chapter on Apparatus, and will be found described in the 
Explanation of the Plates.. Much useful information re- | 
specting the composition of minerals may, also, be. gained 
from. experiments with the blow-pipe. The most ample 
directions for assays of this kind are given in a Memoir 
by Haussman, in the 43d volume of the Philosophical 
Magazine. 

‘The-reduction of an ore requires, frequently, previously 
rousting, to expel the sulphur and other volatile ingredients: 
of this may be effected, by mixing the powdered ore with 

6 
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nitre, and projecting the mixture into acrucible. The sul- 
phate of potash, thus formed, may be washed off, and the 
oxide must be reserved for subsequent, experiments. » 


As many of the, metals retain their oxygen so forcibly, - 


that the application of heat is incapable of expelling it, the 
addition of inflammable matter becomes expedient. And, 
to enable the reduced particles of metal to agglutinate and 
form a collected mass, instead of scattered grains, which 
would otherwise happen, some fusible ingredient must be 
added, through which, when in fusion, the reduced metal 
may descend, and be collected at the bottom of the crucible. 
Substances that answer both these purposes are called fluxes. 
The alkaline and earthy part of fluxes serve also another 
end, viz. that of combining with any acid which may be 
attached to a metal, and which would prevent | its reduction 
if not separated. 

The ores of different metals, and different ores of the 


same metal, require different fluxes. ‘To offer rules, how- 


ever, for each individual case, would occupy too much room 


in this work: I shall, therefore, only state a few of those ~_ 


fluxes that are most generally applicable. 

The black flux is formed, by setting fire to a mixture “of 
one part of nitrate of potash, and two of acidulous tartrite 
of potash ; which affords an intimate mixture of sub-carbo~ 
nate of potash, with a fine light coal. White flux is obtained 
by projecting into a red hot crucible equal parts of the same 
salts. ‘Two parts of muriate of soda, previously dried in a 
crucible, one part of dry and powdered lime, one part of 


fluate of lime, and half a part of charcoal; or 400 parts of 
calcined borax, 40 of lime, and 50 of charcoal; or, two parts _ 


of pounded and finely sifted class, one of borax, and half a — ¢ 


part of charcoal, are all well adapted to the purpose of fluxes. 
The ore, after being roasted, if necessary, is to be well mixed 


with three or four times its weight of the flux, and put into _ 


a crucible, with a little powdered charcoal over the surface. 
A cover must be luted on, and the crucible exposed to the 
necessary heat in a wind-furnace. ‘Ores of iron, as being 
difficultly reduced, require a very intense fire. Those of 
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silver and lead are metallized by a lower heat. The metal 
is found at the bottom of the crucible, in the form of a round 
button. 

- The volatile metals, as mercury, zinc, arsenic, tellurium, 
and osmium, it is obvious, ought not to be treated in the 
above manner, and require to be distilled with inflammable 
matters in an earthen retort, . 

For minute instructions respecting the analysis of every 
. species of ore, both in the humid and dry ways, I refer to 
the second volume of Mr. Kirwan’s Mineralogy; and, for 
yarious excellent examples, to the essays of Vauquelin, in 
the Annales de Chimie; to those of Mr. Hatchett and 

Mr. Chenevix, in the Philosophical Transactions; of Dr. 

Kennedy, in Nicholson’s Journal; and of Mr. Klaproth, in 

the work already frequently referred to. It is only, indeed, 

by an attention to these, and a few other models of chemical 
skill and accuracy, conjoined with the practical imitation of 

them, that facility, or certainty, in the art of analyzing mi- 
_ nerals can be acquired: and though general rules are, in this 
-instance, of considerable utility, it is impossible to frame any 

that can be adapted to the infinite variety which nature 

presents in the productions of the mineral kingdom, 
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EXPERIMENTAL CHEMISTRY. 


PART III. 


APPLICATION OF CHEMICAL TESTS AND RE-AGENTS T® 
VARIOUS USEFUL PURPOSES. 


CHAPTER I. 
METHOD OF DETECTING POISONS. - 


WHEN sudden death is suspected to have been occa- — 
sioned by the administration of poison, either wilfully or by 
accident, the testimony of the physician is occasionally re- 
quired to confirm or invalidate this suspicion. He may also 
be sometimes called upon to ascertain the cause of the nox- 
ious effects arising from the presence of poisonous substances 
in articles of diet; and it may therefore serve an important 
purpose, to point out concisely the simplest and most prac- 
ticable modes of obtaining, by experiment, the necessary 
informatio } 
The only poisons, however, that can be clearly and de- 
cisively detected by chemical means, are those of the mineral 
' kingdom. Arsenic, and corrosive sublimate *, are most 
likely to be exhibited with the view of producing death; and 


* T use the term arsenic, instead of the more proper one, arsenous acid ; 
and corrosive sublimate, for muriate of mercury ; because the former terms 
_ ate more generally understood. . 


we 
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Won 


lead and copper may be introduced untisignedly: in several 

ways, into our food and drink. ‘The continued and. unsus- 
pected operation of the two last may often produce effects 
less sudden and violent, but not less baneful to health and 
fife, than the mort active poisons ; and their operation 
generally involves, in the pernicious consequences, a greater 
number of sufferers. 


SECTION I. 


Method of discovering Arsenic. 


WueEn the cause of sudden death is believed, from the 
symptoms preceding it, to be the administration of arsenic, 
the contents of the stoitiaoh must be attentively examined. | 
To effect this, let a ligature\be made at each orifice, the 
stomach removed entirely from the body, and its whole 
contents washed out into an earthen or glass vessel. ‘The 
arsenic, on account of its greater specific gravity, will settle 
to the bottom, and may be obtained separate, after washing 
off the other. substances by. repeated affusions of cold water. 
These washings should not be thrown away till the presence 
of arsenic. has been clearly ascertained. It may be expected _ 
at the bottom of the vessel in the form of a white powder, — 
which must be carefully collected, dried‘on a , filter, ang: 
submitted to experiment. 2 gtd 

(A) Boil a small portion of the powder with a few ounces — 
of distilled water, in a cléan Florence flask, and filter the. 
solution. | + . 

(B) To this Breda add a portion of water, saturated “a 
with sulphuretted. hydrogen gas. If arsenic be present, a — 
golden. yellow sediment will fall down, which will appear 
sooner, if a few drops of acetic acid be added. igh 
oh A similar effect is produced by the addition of ae 
phuret, of ammonia, or hydro-sulphuret of potash *. - 

*® See vol, i. page 349, 350, 


 sECT: I. DISCOVERY OF POISONS. 447 


_ It is necessary, however, to observe that these tests are - 
decomposed. not only by all metallic solutions but by the 
“mere addition of any acid. But among these precipitates, 
r. Bostock assures us*, the greatest part are so obviously 
different as not to afford a faroba bi Tite of being mistaken ; 
the only two, which bear a close resemblance to it, are the 
precipitate from tartarized antimony, and that separated by 
' anacid. In the latter, however, the sulphur preserves its 
peculiar yellow colour, while the arsenic presents a deep 
shade of orange; but no obvious circumstance of discrimi- 
nation can be pointed out between the hydro-sulphurets of 
arsenic and of antimony. Hence Dr. Bostock concludes 
that sulphuretted hydrogen and its compounds merit our 
confidence only as collateral tests. ‘They discover arsenic 
with great delicacy: sixty grains of water, to which one 
grain only. of liquid sulphuret (hydroguretted sulphuret ?) 
had been added, was almost instantly rendered completely 
opake by {th of a grain of the white oxide of arsenic in 
solution. | 
(D) Toa little of the solution (A) add a betel drop of 
a weak solution of carbonate of en and afte ard a 
few drops of a solution of sulphate of copper. The pre- 
sence of arsenic will be manifested by a yellowish green pre- 
cipitate. Or boil a portion of the suspected powder with a 
dilute solution. of pure potash, and with this precipitate the 
sulphate of copper, when a similar appearance will ensue 
still-more remarkably, if arsenic be present. ‘The colour 
of this precipitate is perfectly characteristic. It is that 
of the pigment called Scheele’s green+. To identify the 
arsenic with still oreater certainty, it may be proper, at. 
. the time of Hiking the experiments on a suspected sub-" 
nee, to perform similar ones, as a standard of com- — 
ae on what is actually known to be arsenic. Let 
_ the colour, theréfere, produced by adding an alkaline solu- 
tion of the substance under examination, to a solution of » 
| “ieee of copper, be compared with that obtained by a 


= Edinburgh Medical and Surgical Journal, v. 166, 
+ See chap, xix, sect. 16. - 
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similar admixture of a solution of ya with one of send 
arsenic in alkali. \*% . 

‘The proportions, in which the different triode are 
employed, Dr. Bostock has found to have considerable in= 
fluence on the djstinct exhibition of the effect. “Those, 
which he has observed to answer best, were one of arsenic, 
three of potash (probably the sub-carbonate or common 
salt of tartar), and five of sulphate of copper. or instance, 
a solution of one grain of arsenic, and three grains of pot- 
ash, in two drachms of water, being mingled with another 
solution of five grains of sulphate of copper in the same 
quantity of water, the whole was converted into a beautiful 
grass green, from which a copious precipitate of the same 
hue slowly subsided, leaving the supernatant liquor trans- 
parent and nearly colourless. The same materials, except 
with the omission of the arsenic, being employed in the 
same manner, a delicate sky-blue resulted, so different from 
the former, as not to admit of the possibility of mistake. 
In this way, {;th of a grain of arsenic, diffused through 
sixty grains of water, atfordedsyby the addition of eilpiiate 
of copper and potash in proper proportions, a distinct pre- 
cipitate of Scheele’s green. In employing this test, it is 
necessary to view the fluid by reflected and not by trans- 
mitted light, and to make the examination by day-light. 
To render the effect more apparent, a sheet of white paper 
_may be placed behind the glass in which the mixed fluids 
are contained *. 

(E) The sediments, produced by any of the foregoing 
experiments, may be collected, dried, and laid on red-hot 
charcoal. , A smell of sulphur will first arise, and will be 
followed by that of garlic. * 

(F) A new process for detecting arsenic has been pro- © 
posed by Mr. Hume of London in wer Philosophical Ma-* — 
gazine for May 1809, vol. xxxiii. ‘The test, which he has 
suggested, is the fused nitrate of silver or lunar caustic, 

a a he employs in the following manner+: . 


* Lib, citat. page 170. : 
+ London Medical and Physical Journal, XXUly 448, 
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Into a glean Florence oil flask, introduce two or three 
grains of any powder suspected to be arsenic; add not less 
than eight ounce-measures of either rain or distilled water; 
and heat this gradually over a lamp or a.clear coal fire, till 
the solution begins to boil.. Then, while it boils, frequently 
shake the flask, which may be readily done by wrapping a 
piece of leather round its neck, or putting a glove upon the 
hand. ‘To the hot solution, add a grain or two of sub-car- 
bonate of potash or soda, agitating the whole to make the 
mixture uniform. 

In the next place, pour into an ounce phial or a small 
wine glass about two table spoonfuls of this solution, and 
present, to the mere surface of the fluid, a stick of dr y 
nitrate of silver or lunar caustic. If there be any arsenic 
present, a beautiful yellow precipitate will instantly appear; 
which will proceed from the point of contact of the nitrate 
with the fluid, and settle towards the bottom of the vessel 
as a flocculent and copious precipitate. ‘This precipitate, 
Mr. Hume is confident, cannot be confounded with any 
other substance, so as to lead to ‘a doubtful opinion. 

The nitrate of silver, Mr. Hume finds, also, acts very 
sensibly upon arsenate of potash, and decidedly distinguishes 
this salt from the above solution or arseniée of potash; the 
colour of the precipitate, occasioned by the arsenate, being 
much darker and more inclined to brick or red. In both 
cases, he is of opinion that the test of nitrate of silver is 
greatly superior to that of sulphate of copper; inasmuch 
as it produces a much more copious precipitate, when equal 
quantities are submitted to experiment. ‘The tests he re- 
commends to be employed in their dry state, in preference 
to that of solution; and that the piece of pa be held on the 
surface only. 

__A modified application of this test has since been pro- 
posed by Dr. Marcet, whose directions are as follow. Let 
the fluid, suspected to contain arsenic, be filtered; let the — 
-end of a glass rod, wetted with a solution of pure ammonia, 
_he brought into contact with this fluid, and let the end of 
elean rod similarly wetted with solution of nitrate of silver, 
¥OL, II. 2G 
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be immersed i in the mixture. If the minutest quantity of 
arsenic be present, a precipitate of a bright yellow colour 
inclining to orange will appear at the point of contact and 
will readily subside to the bottom of the vessel. As this 
precipitate is soluble in ammonia, the greatest care is neces- 
sary not to add an excess of that alkali. The acid of 
arsenic, with the same test, affords a brick red precipitate *. 
Mr. Sylvester has objected to this test, that it will not 
produce the expected appearance, when common salt is 
present. He has, therefore, proposed the red acetate of 
iron as a better test of arsenic, with which it forms a bright 
yellow deposit; or the acetate of copper which affords a 
green precipitate. Of the two, he recommends the latter 
in preference, but advises that both should be resorted to in 
doubtful cases+. Dr. Marcet, however has replied, that 
the objection arising from the presence of common salt is 
easily obviated; for if a little dilute muriatic acid be added 
to the suspected liquid, and then nitrate of silver very cau- 
tiously till the precipitate ceases, the muriatic acid will be 
removed, but the arsenic will remain in solution, and the 
addition of ammonia will produce the yellow precipitate in 


its characteristic form. It is scarcely necessary to add that 


the quantity of ammonia must be sufficient to saturate any 
excess of nitric acid which the fluid may containt. : 
(G) But the most decisive mode of determining the pre- 
sence of arsenic, is by reducing it to a metallic state, in 
which its characters are clear boa unequivocal. For this 
purpose, let a portion of the white sediment, collected from 
the contents of the stomach, be mixed with three times its 
weight of black flux (see page 153); or if this cannot be 
procured, with two parts of very dry carbonate of potash 
(the salt rf tartar of the shops), and one of powdered. char- 
coal, Dr. Bostock finds that for this mixture, we may — 


: advantageously substitute one composed of half a grain of 


‘charcoal, and two drops of oil, to a grain of the sediment. 
_ Procure a tube eight or nine inches long, and one fourth or 


* Med. Chir. Trans. ii, 156. ¢ 83 Nich, Journ, $06. 
t Phil, Mag. xli. 124. | 
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one sixth @f an inch in diameter, of thin glass, sealed her- 
_metically at one end. Coat the closed end with clay, for 
about an inch, and let the coating dry. Then put into the 
tube the mixture of the nen and its flux, and if any 
_ should adhere to the inner surface, let it be wiped off by a 
feather, so that the inner surface of the upper part of the 
tube may be quite clean and dry. Stop the end of the tube 
loosely, with a little paper, and heat the’coated end only, 
on a chaffing-dish of red-hot coals, taking care to avoid 
breathing the fumes. The arsenic, if present, will rise to 
‘the upper part of the tube, on tlie inner surface of which it 
will form a thin brilliant coating. Break the tube, and 
scrape off the reduced metal. Lay a little on a ‘heated 
iron, when, if it be arsenic, a dense smoke will arise, and a 
~ strong smell of garlic will be perceived. ‘The arsenic may 
be farther identified, by putting’ a small quantity between 
‘two polished plates of copper, surrounding it by powdered 
charcoal, to prevent its escape, binding these tightly together 
by iron wire, and expesing them to a low red-heat. If the 
included substance be arsenic, a white eeeain. will be fet on 
‘the copper. 3 

(H) It may be proper to observe, that neither the stain 
on copper, nor the odour of garlic, is produced by the 
white oxide of arsenic, when heated without the addition 
of some inflammable ingredient. ‘The absence of arsenic 
must not therefore be Gerferked! if no smell should be ocea- 
‘sioned by laying the white powder on a heated iron. o 

Dr. Black ascertained, that all the necessary expéri- 
ments, for the detection of arsenic, may be made on a 
‘single‘grain of the white oxide; this~small quantity having 
produced, when heated in a tube with its proper flux, as 
_ much of the metal as clearly established its presence. 

If the quantity of arsenic in the stomach should be so 
small, which is not very pr obable, as to occasion death, and 
yet to remain suspended in the washings, the whole con- 
tents, and the water employed to washi them, must be 
filtered, and the clear liquor assayed for arsenic den the 
tests (B), (C), (D), and (E). . a es 
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SECTION IL. m. 
, ' Discovery of Corrosive Sublimate. 


: 4 | 
Corrosive sublimate (the muriate of mercury), next to 


arsenic, is the most virulent of the metallic poisons. It 
may be collected by treating the contents of the stomach in 
the manner already Weibed: but as it is more soluble 
than arsenic, viz. in about 19 times its weight of water, 
Ho more water must be employed than is boc sufficient, 
and the washings must be carefully preserved for exami- 
nation. 

__If a powder should be patleatel: by this operation, which 
proves, on examination, not to be arsenic, it may be known 
to be corrosive sublimate by the following characters: 

(A) Expose a small quantity of it, without any admix- 
ture, to heat in a.coated glass tube, as directed in the treat- 
ment of arsenic. Corrosive sublimate will be ascertained 
by its rising to the top of the tube, lining the inner surface 
in the form of a shining white crust. _ 

(B) Dissolve gnether portion in distilled water; and it 
may be proper to observe how much of the salt the water 
is capable of taking up. 

(C) To the watery solution add a little ine ae A 
precipitate of an orange yellow colour will instantly appear. 

(D) To another portion of the solution add a single 
drop of a dilute solution of sub-carbonate of potash (salt of 

tartar). A white precipitate will appear; but,®on a still 
farther addition of pti an orange coloured sediment will 
be formed. 
(I) The carbonate of soda has similar effects. 
(I) Sulphuretted water throws down a dark coloured 
_ sediment, which, when dried and strongly heated, is wholly 
volatilized, without any odour of garlic. 

For the detection of corrosive sublimate, Mr. Sylvester 
has recommended the application of galvanism, which 
exhibits the mercury in a metallic state. A piece of zinc 

sire, or if that can not be had, of iron wire about three. 
g 
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inches long, is to be twice bent at right angles so as ta 
resemble the Greek letter TI. The two legs of this figure 
should be distant about the diameter of a common gold 
wedding ring from each other, and the two ends of the 
bent wire must afterwards be tied to a ring of this descrip- 
tion. Let a plate of glass, not less than three inches square, 
be laid as nearly horizontal as possible, and on one side, 
drop some sulphuric acid, diluted with about six times its 
weight of water, till it spreads to the size of a halfpenny. 
At a little distance from this, towards the other side, next 
drop some of the solution supposed to contain corrosive 
sublimate, till the edges of the two liquids join together ; 
and let the wire and ring prepared as above be laid in such 
a way that the wire may touch the acid, while the gold ring 
is in contact with the suspected liquid. If the minutest 
quantity of corrosive sublimate be present, the ring in a 
few minutes will be covered with mercury on the part which 
touched the fluid. | 

The only mineral poison of great virulence that has not 
been mentioned, and which, from its being little known to 
act as such, it is very improbable we should meet with, is 
the carbonate of barytes. This, in the country where it is 
found, is employed as a poison for rats, and there can be 
no doubt would be equally destructive to human life. It 
may be discovered by dissolving it in muriatic acid, and by 
the insolubility of the precipitate which this solution yields 
on adding sulphuric acid, or sulphate of soda. Barytic 
salts, if fice have been the means of poison, will be con- 
tained in the water employed to wash the contents of the 
‘stomach, and will be detected, on adding sulphuric acid, by - 
a oe precipitate. 
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SECTION II. | 
Method of detecting Copper or Lead, 


-Correr and ledd sometimes gain admission into articles 
of food, in consequence of the i ah a of kitchen 
utensils of these materials. i 

I. If copper be suspected in any liquor, its presence will 
be ascertained by adding a solution of pure ammonia, which 
will strike a beautiful blue colour. If the solution be very 
dilute, it may be concentrated by evaporation; and if the 
liquor contain a considerable excess of acid, like that used 
to preserve pickles, as much of the alkali must be added as 
is more than sufficient to saturate the acid. In this, and all 
other experiments of the same kind, the fluid should be 
viewed by reflected, and not by transmitted light. 

If. Leap is occasionally found, in auftidient quantity to” 
be injurious to health, in water that has been kept in leaden 
vessels, and sometimes even in’ pump-water, in consequence 
of this metal being used in the construction of the pump. 
Acetate of lead has also been known to be fraudulently 
added’ to bad wines, with the view 8 concealing thetr 
defects. 

Lead may be discovered ayy adding, to a bie of the 
guspected water, about half its bulk of water impregnated 
with sulphuretted hydrogen gas. If lead be present, it will 
be manifested by a dark brown, or blackish, tinge. This 
test is ‘so delicate, that water condensed by the fail worm 
of ‘a still-tub, is sensibly affected: by it. It is also detected 
by a similar effect ensuing on the addition of sulphuret of 
ammonia, or potash. 

The competency of this method, however, to the dis- 
covery of very minute quantities of lead, has been lately 
set aside by the experiments of Dr. Lambe*,, the author of 
a skilful analysis of the springs of Lemington Priors, near 
a NT Enna 

* See his “ Researches into the Properties of Spring Water.” 8vo, — 
London. Johnson. 1803. 
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Warwick. By new methods of examination, he has detected - 
the presence of lead in several spring-waters, that manifest 
no change on the addition of the sulphuretted test; and 
has found that metal in the precipitate, separated from 
such waters by the carbonate of potash or of soda. In 
operating on these waters, Dr. Lambe noticed the following 
appearances : 

(a) The test forms ign a dark elisiads with the pre- 
cipitate effected by alkalis, which has been re-dissolved in 
nitric acid. 

_(¢) Though it forms, in other cases, no cloud, the precipi- 
tate itself becomes darkened by the sulphuretted test. 

(c) The test forms a white cloud, treated with the preci- 
pitate as in (a). These two appearances may be united. 

(d) The test neither forms a cloud, nor darkens the pre- 
cipitate. : | 

(e) In the cases (4), (c), (d), heat the precipitate, in con- 
tact with an alkaline carbonate, to redness; dissolve out the 
carbonate by. water; and treat the precipitate as in (a): 
The sulphuretted test then forms a dark cloud with the 
solution of the precipitate. In these experiments, it is 
essential that the acid, used to re-dissolve the precipitate, 
shall not be in excess; and if it should so happen, that 
excess must be saturated before the test is applied. It is 
better to use so little acid, that some of the precipitate may 
remain undissolved. } 

(f) Instead of the process (e) the precipitate may be ex- 
posed without addition, to a red-heat, and then treated as 
in (a). In this case, the test will detect the metallic matter; 
- but with less certainty than the foregoing one. } 

The nitric acid, used in these experiments, should be per- 
fectly pure; and the test should be recently prepared by 
saturating water with sulphuretted hydrogen gas. 

_ Another mode of analysis, employed by Dr. Lambe, 
consists in precipitating the lead by muriate of soda; but 

as muriate of lead is partly soluble in water, this test cannot 
be applied to small portions of suspected water. The 
precipitate must be, therefore, collected, from two or three 
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gallons, and heated to redness with twice its weight of car- 
bonate of soda. Dissolve out the soda; add nitric acid, 
saturating any superfluity ; and then apply the bag ete cw 
test. 

The third proceés, which 4 is the most satisfactory of all, 
and is very easy, éxcept for the trouble of collecting a 
large quantity of precipitate, is the actual reduction of the 
metal, and its exhibition in a separate form. The precipi- 
tate may be mixed with its own weight of alkaline carbo- 
nate, and exposed either with or without the addition of a 
small proportion of charcoal, to a heat sufficient to melt the 
alkali. On breaking the crucible, a small globule of lead 
will be found reduced at the bottom. The precipitate from 
about fifty gallons of water yielded Dr. ae about two 
grains of lead. 


For. discovering the presence of lead in wines, a test 
invented by Dr. Sleleaidins and known by the title of. 
Hahnemann’s wine-test, may be employed. This test is 
prepared by putting together, into a small phial, sixteen 
grains of sulphuret of lime, prepared in the dry way (by 
exposing to a red-heat, in a covered crucible, equal weights 
of powdered lime and sulphur, accurately mixed), and 20 
grains of acidulous tartrite of potash (cream of tartar). 
The phial is to be filled with water, well corked, and occa- 
sionally shaken for the space of ten minutes. When the’ 
powder has subsided, decant the clear liquor, and preserve 
it, in a well-stopped bottle, for use. ‘The liquor, when fresh 
prepared, discovers lead by a dark coloured precipitate. A 
farther proof of the presence of lead in wines is the occup- 
rence of a precipitate on adding a solution of the sulphate ~ 
of soda. | | 

The quantity of lead, which has been detected in sophis-— 
ticated wine, may be estimated. at forty grains of the metal 
in every fifty gallons*. 

- When a considerable quantity of acetate of lead has 


* Lampe, page 175. 
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been taken into the stomach (as sometimes, owing to ifs 
sweet taste, happens to children), after the exhibition of 
an active emetic, the hydro-sulphuret of potash or of 
ammonia may be given; or a solution of the common sul- 
phuret. 

Mr. Sylvester has lately proposed the pattie acid as an 
excellent test of the presence of lead*. 

In cases of the accidental swallowing of sulphuric acid, 
which also sometimes happens to children, M. Fourcroy 
recommends the speedy administration of a solution of 
soap, or a mixture of carbonate of magnesia « or carbonate 
of lime (common chalk) with water }. 


* 33 Nicholson’s Journal, 310. + Systéme, vol, i. page 240. 
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CHAPTER IT. 


RULES FOR asceRfainING THE PURITY oF CHEMICAL 
_ PREPARATIONS, EMPLOYED FOR THE PURPOSES OF 
DRnDICINE; AND FOR OTHER USES. 


I ribeleairk acid,—Acidum Sulphuricum of the Lelie 
_ Pharmacopeciay— Oil of Vitriol. 


Tue specific gravity of sulphuric acid should be 1850. 
It should remain perfectly transparent when diluted with 
distilled: water. If a sediment occur, on dilution, it is a 
proof of the presence of sulphate of lead or sulphate of lime. 

Iron may be detected in sulphuric acid, by saturating a 
diluted portion of the diluted acid with pure carina of 
soda, and adding prussiate of potash, which will manifest 
the presence of iron by a prussian blue precipitate; or it 
will be discovered by a purplish or blackish tinge, on the 
addition of tincture of galls to a similarly saturated portion, 
Copper may be discovered, by pouring, into a similarly 
saturated solution, pure solution of ammonia; and lead may 
be detected by the sulphuret of ammonia. The latter 
metal, however, is generally precipitated, on dilution, in 
combination with sulphuric acid. 

Sulphate of potash or of soda may be found by saturating 
the diluted acid with ammonia, evaporating to dryness, and 
applying a pretty strong heat. The sulphate of ammonia 
will escape, and that of potash or of soda will remain, and 
may be distinguished by its sélubility and other characters *. 


I. —Nitric and Nitrous Acids,—~Acidum Nitricum, P. er 
Aqua Fortis. 


The nitric acid should be perfectly colourless, and as 


limpid as water. It should be préserved in a dark place, to 


prevent its conversion into the nitrous kind. 


* See vol. 1. page 326, 
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These acids are most likely to be adulterated with sul- 
phuric and muriatic acids. ‘The sulphuric acid may be dis- 
covered by adding to a portion of the acid, largely diluted, 
nitrated or muriated barytes, which will occasion, with sul- 
phuric acid, a white and insoluble precipitate. ‘The muri- 
atic acid may be ascertained by nitrate of silver, which 
affords a sediment, at first white, but which becomes coloured 
by exposure to the direct light of the sun. Both these 
acids, however, may be present at once; and, in this case, 
it will be necessary to add a solution of nitrate of barytes, as 
long as any precipitate falls, which will separate the sulphu- 
ric acid. Let the sediment subside, decant the clear liquor, 
and add the nitrate of silver. Ifa precipitate appear, mu- 
riatic acid may be inferred to be present also, Muriatic 

acid may, also, be detected by adding a epAGR of sulphate 
of silver. 

These acids should have the specific gravity af 1550, 


_ Wl.—Mauriatie Acid,—Acidum Muriaticum, P. L.— 
Spirit of Salt. : 


This acid generally contains iron, which may be known 
by its yellow colour; the pure acid being perfectly colour- 
less. It may also be detected by the same mode as was 
recommended in examining sulphuric acid. 

Sulphuric acid is discoverable by a precipitation, on 
adding, to a portion of the acid, diluted with five or six parts 
of pure water, a solution of the muriate of barytes. 

The specific gravity of this acid should be at least 1170. 


1V.—Acetic Acid,—Acidum Aceticum,—Radical or — 
, concentrated Vinegar. 


_ This acid is often contaminated by sulphurous and sul- 
phuric acid. The first may be known by drawing a little 
of the vapour into the lungs, when, if the acid be pure, no 
unpleasant sensation will be felt; but, if sulphurous acid be 
contained in the acetic, it will not fail to be discovered in this 
mode, The sulphuric acid is detected by muriated barytes; 
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copper, by supersaturation with pure ammonia; and lead, 
by sulphuret of ammonia. 
The specific gt hi of this acid should be 1060 at least. 


V.—Acetous. Acid, —Acidum Aceticum, P. L.— 
Disiilled Vinegar. 


BG vinegar be dvetitled in copper vessels, it can hardly fail 
being contaminated by that metal; and, if a leaden worm 
be used for its condensation, some portion of lead will cer- 
tainly be dissolved. The former metal will appear on add- 
ing an excess of solution of pure ammonia; and lead will be 
detected by the sulphuretted ammonia, or by water saturated 
with sulphuretted hydrogen. (See the preceding chapter.) 

It is not unusual, in order to increase the acid taste of 
vinegar, to add sulphuric acid. This acid may be immediately 
discovered by solutions of barytes, which, when vinegar has 
been thus adulterated, throw down a white precipitate. 


VI.—Boracic Acid,—Sedative Salt of Homberg. 


Genuine boracic acid should totally dissolve in five times 
its weight of boiling alcohol ; and the solution, when set:on 
fire, should emit a green flame. The best boracic acid forms 


small hexangular scaly crystals of a shining silvery white 


colour. Its specific gravity is 1480. 
VII.—Tartaric Acid. 


This acid often contains sulphuric acid; to discover 
which, let a portion be dissolved in water, and a solution of 
acetate of lead be added. A precipitate will appear, which, 


if the acid be pure, is entirely re-dissolved by a few drops of 


pure nitric acid, or by a little pure acetic acid. If any por- 
tion remain undissolved, sulphuric acid is the cause. Mu- 


riate of barytes, also, when the acid is adulterated with sul-_ 


phuric acid, but not otherwise, gives a precipitate insoluble 
by an excess of muriatic acid. 


VIIL.— Acid of Amber. 


Acid of amber is adulterated, sometimes with sulphurie 
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acid and its combinations; sometimes with tartaric acid; and 
at others with muriate of ammonia. 

Sulphuric acid is detected by solutions of barytes; tartaric 
acid by carbonate of potash, which forms.a difficultly soluble 
tartrate; and muriate of ammonia by nitrate of silver, which 
discovers the acid, and by a solution of pure Rotash, which 
excites a strong smell of ammonia. 

Pure acid of amber is a crystalline white salt of an acid 
taste, soluble in twenty-four parts of cold or eight of hot 
water, and is volatilized, when Jaid on red-hot iron, without 
leaving any ashes or other residue. 


{X.—Acid of Benzoin,—Acidum Benxoicum, P. L. 


This acid is not very liable to adulteration. The best 
has a brilliant white colour and a ‘peculiarly grateful smell. 
It is soluble in a large quantity of boiling water or alcohol, 
and leaves no residue when placed on a heated iron. 


X.—Sub-carbonate of Potash,—Potassce Subcarbonas, P. I. 


- The salt of tartar of the shops generally contains sulphate 
and muriate of potash, and siliceous and calcareous earths. 
It should dissolve entirely, if pure, in twice its weight of 
cold water; and any thing that remains undissolved may be 
regarded as an impurity. Sometimes one fourth of foreign 
mixtures may thus be detected, the greater part of which is 
sulphate of potash. To ascertain the nature of the adulte- 
ration, dissolve a portion in pure and diluted nitric acid : 
the siliceous earth only will remain undissolved. Add, to 
one portion of the solution, nitrate of barytes; this will de- 
tect sulphate of potash by a copious precipitate. ‘To another 
portion add nitrate of silver, which will discover muriatic 
salts; and, to a third, oxalate or fluate of ammonia, which 
will detect calcareous earth, 

The solution of sub-carbonate of potash (liquor potass@ 
subcarbonatis, P. L.) may be examined in a similar manner. 


XI.—Solution of pure Potash,—Liquor Potasse, P. L. 
This may be assayed, for sulphuric and muriatic salts, by 
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saturation with nitric acid, and by the tests recommended 
in speaking of carbonate of potash. A perfectly pure solu- 
tion of potash should, remain transparent on the addition of 
barytic water. Ifa precipitate should ensue, which dissolves 


with effervescence in dilute muriatic acid, it is owing to the. 


presence of carbonic acid: ifthe precipitate is not soluble, 
it indicates sulphuric acid. A redundancy of carbonic acid 
is also shown by an effervescence, on. adding diluted sulphu- 
ric acid, and an excess of lime by a white precipitate, on 
blowing air from the lungs, through the solution, by means 
of a tobacco-pipe, or a glass tube. 
This solution should be of such a strength, as that an 
exact wine-pint may weigh 18 ounces troy. 


- XUL—Sub-carbonate of Soda,—Sode Subcarbonas, P. L. 


Carbonate of soda is scarcely ever found free from muriate 
and sulphate of soda. ‘These may be discovered by adding, 
to a little of the carbonate saturated with pure nitric acid, 
first nitrate of barytes, to detect sulphuric acid, and after- 
ward nitrate of silver, to ascertain the presence of muriatic 
acid. Carbonate of potash will be shown by a precipitate 
ensuing on ‘the addition of tartarous acid to a strong solu- 
tion of the alkali; for, this acid forms a difficultly soluble 
salt with potash, but not with soda. 


XILI.— Solution of Carbonate of Ammonia,—Liquor 
Ammonie Carbenatis, P, i. 
This should have the specific gravity of 1150; should 


effervesce on the addition of acids: and’ should afferd a 
strong coagulum on adding alcohol. | 


XIV.—Carbonate of Ammonia,—Ammonie Carlonas, P. LE. 
This salt should be entirely volatilized by heat. If any 


thing remain, when it is laid on a heated iron, carbonate of 
potash or of lime may be suspected ; and these impurities 
are most likely to be present if the carbonate of ammonia 
be purchased in the form of a powder. It should therefore 
always be bought in solid lumps. Sulphuric and muriatic 
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salts, lime, and iron, may be discovered by adding to the 
alkali, saturated with nitric acid, the appropriate tests 
already often mentioned. 


XV.—Solution of pure Ammonia in Water,—Liquor 
Ammonia, P. L.—Strong Spirit of Sal Ammoniac. 

“fhe volatile alkali, in its purest state, exists as a gas 
condensible by wafer, and its solution in water is the ants 
form under which it is applicable to useful purposes. This 
solution should contain nothing besides the volatile alkali; 
the alkali should be perfectly free from carbonic acid, and 
should be combined with water in the greatest possible 
proportion. ‘The presence of other salts may be discovered 
by saturating a portion of the solution with pure nitric 
acid, and adding the tests for sulphuric and muriatic acids. 
Carbonic acid is shown by a precipitation on mixing the 
solution with one of muriate of lime; for this earthy salt is 
not precipitated by pure ammonia. The only mode of de- 
termining the strength of the solution is by taking its spe- 
cific gravity, welibacbs at 60° Fahrenheit, should be as 905, 
or thereabouts, to 1000. 


- XVi.—Spirit of Hartshorn. 


This may be counterfeited by mixing the agua ammonia 
pure with the distilled spirit of hartshorn, in order to in- 
‘crease the pungency of its smell, and to enable it to bear 
an addition of water. ‘The fraud is detected by adding 
alcohol to the sophisticated spirit; for, if no considerable 
coagulation ensues, the adulteration is proved. It may 
also be discovered by the usual effervescence not ensuing 
with acids. ‘The solution should have the specific: gravity 
of 1500. 


ete of Soda,—Sode Sulphas. P. L.— 
Glauber’s: Sait. 


This salt ought not to contain an excess of either acid or 
alkali, both of which may be detected by the vegetable in- 
fusions, p. $84, 385. Nor should it be mixed with earthy or 
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metallic salts; the former of which are detected by car- 
bonate, and the latter by prussiate of potash. Muriate of 
soda is discovered by adding nitrate of barytes till the pre- 
cipitate ceases, and afterwards nitrate of silver, or more 
‘simply by a solution of sulphate of silver. Sulphate of 
potash is discovered by its more sparing solubility: The 
sulphate of soda, however, being itself one of the cheapest 
salts, there is little risk of its being inane sophis- 
ticated. 


XVIIL.—Sulphate of Potash,—Potasse Sulphas, P. sew 
Vi triolated Tariar. 


The purity of this salt may be ascertained by the same — 
means as that of the former one. The little value of this 
_ salt renders it Scat secure from. wilful adh eration} 


XIX, — Nitrate of Potash,—Potasse Nitras, P. reset e 
Mitre or Salt Petre. 


Nitrate of potash is, with great difficulty; freed pee 
from muriate of soda; and a small portion of the latter, 
except for nice chemical purposes, is an admixture of little 
importance. ‘To discover muriate of soda, a solution of 
nitrate of silver must be added as long as any sediment is 
produced. ‘The precipitate, washed, and dried, must be 
weighed. Every hundred a will denote about ie of 
muriate of soda. | 

Sulphate. of potash or eB may be eee by nitrate 
or muriate of barytes. 


XX.—Muriate of Soda,—Common Salt. 


Common salt is scarcely ever found free from salts with 
earthy bases, chiefly muriates of magnesia and lime, which 
are contained in the brine, and adhere to the crystals. The 
earths may be precipitated by carbonate of soda, and the 
precipitated lime and magnesia may be separated from 
each other by the rules given page 419. : 
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XXL. —Muriate of Animonid,— Ammonice Murias P.L.— 
Sal Ammoniac. 


This salt ought to be entirely volatilized, by a low heat, 
when laid on a heated iron. It sometimes contains sulphate 
of ammonia, however, which, being also volatile, cannot 
be thus detected. To ascertain the presence of the latter 
salt, add the muriate or nitrate of barytes, which will in- 
dicate the sulphate by a copious and insoluble precipitate. 


XXII.—Acetute of Potash,—Potasse Acetas, P. L. 


Genuine acetate of potash is perfectly soluble in four 
times its weight of alcohol, and may thus be separated 
from other salts that are insoluble in alcohol. The tartrate 
of potash (soluble tartar) is the adulteration most likely to 
be employed. ‘This may be discovered by adding a solution 
of tartaric acid, which, if the suspected salt be present, 
will occasion a copious precipitate. ‘The tartrate is also 
detected by its forming a precipitate with acetate of lead 
or muriate of barytes, soluble in acetic or muriatic acid; 
and sulphates by a precipitate with the same agents, inso- 
luble in acids. 


XXII Neutral Tar trate of Potash,—Potasse Tartaris, 
- P.L.—Soluble Tartar. 


"This salt - should afford a very copious precipitate on 
addin ‘tartarols. acid. The only salt likely to be mixed 
With it is sulphate | -of soda, which may be detected by a 
precipitate with muriated barytes, insoluble in diluted 
muriatic acid. 


XXIV. —Acidulous Tarirate of Potash,—Potasse Super- 
| tartras, P. L.—Cream of Tartar. 


~ The only substance with which this salt is likely to he 
adulterated is sulphate of potash. To determine whether 
this be present, pour, on about half an ounce of the pow- 
dered crystals, two or three ounce-measures of distilled 
water; shake the mixture frequently, and let it stand one 
VOL, i. 2H 


466 DETECTION OF ADULTERATIONS, . CHAP. Il. © 


or two-hours. The sulphate of potash, being more solu- 
ble than the tartrate, will be taken up; and may be 
known by the bitter taste of the solution, and by a preci- 
pitate, on adding muriate of barytes, which will be inso- 
luble in muriatic acid. 


~ XXV.— Compound Tartrate of Soda and Potlishh "Soll 
| Tartarizata, P.L.—Rochelle or Seignette’s Salt. 


Sulphate of soda, the only salt with which, this may be 
expected to be adulterated, is discovered by adding toa 
solution of Rochelle salt the acetate of lead or muriate of 
barytes.—The former, if the sulphate be present, affords a 
precipitate insoluble in acetous acid, and the latter one 
insoluble in muriatic acid. 


AVI. —Sulphate of Magnesia,—Magnesie Sulphas, P. L. 
/ —Epsom Salt. 


This salt is very likely to be adulterated with s sulphate of 
soda, or Glauber’s salt, which may be made to resemble 
the magnesian salt in appearance, by stirring it briskly 
at the moment when it is about to crvanliee. The 
fraud may be discovered very readily if the salt consist 
entirely of the sulphate of soda, because no precipitation 
will ensue on adding carbonate of potash. If only a part 
of the salt be sulphate of soda, detection is not so easy, 
but may still be accomplished. For, since 100 parts of 
pure sulphate of magnesia give between 30 and 40 of the 
dry carbonate, when completely decomposed by carbonate 
of potash, if the salt under examination afford a con- 
siderably less proportion, its sophistication may be fairly 
inferred: or, to discover the sulphate of soda, precipitate 
all the magnesia by pure ammonia, with the aid of heat. 
Decant the clear liquor from the precipitate, filter it, and, 
after evaporation to dryness, apply such a heat as will . 
yolatilize the sulphate of ammonia, when that of soda will 
remain fixed, 

Muriate of magnesia or of lime may be detected by the 
salt becoming moist when exposed to the air, and by a 
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precipitation with nitrated silver, after nitrate of barytes has 
separated all the sulphuric acid and magnesia. Lime is 
discoverable by oxalic acid. 


XXVIL — Sulphate of pele pio 


Perfectly pure alum should contain neither iron nor 
copper. The former is manifested by adding, to a solution 
of alum, prussiate of potash, and the latter by an excess of 
pure ammonia. 


XXVIIL — Borate of Soda,—Sodee Boras, P. L.—Borax. ~ 


Borate. of Soria if adulterated at all, will probably be so 
with alum or fused muriate of soda. ‘To discover these, 
borax must be dissolved in water, and its excess of alkali 
be saturated with nitric acid. Nitrate of barytes, added to 
this saturated solution, will detect the sulphuric salt, and 
nitrate of silver the muriate of soda. 


XXIX.—Sulphate of lron,—Ferrt Sulphas, P. L.—Green 
Vitriol. 


If this salt should contain copper, which is the i. 
admixture likely to be found in it, pure ammonia, added 
till a precipitation ceases, will afford a blue liquor. Any 
copper that may chance to be present, may be separated, 
and the salt purified, by immersing, in a solution:of it a 
clear polished plate of iron. © - hk 


/XXX.—Glass of Antimony. 


A large quantity of glass of lead was lately introduced 
into the London market, as glass of antimony. To discover 
this criminal imposition, whenever it may be practised, the 
following distinctive characters of the two substances have 
lately Lech described by Mr. Luke Howard*. 

Glass of antimony has a rich brown or reddish colour, 
with the usual transparency of coloured glasses. ‘The glass 
of lead is of a deeper and duller colour against the che is 


- Philosophical Magazine, xxxv. 236, 
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much less transparent; and even, in some samples, quite 
opake. 

The specific gravity of the true never peectels 4. 953 that 
of the spurious or lead glass is 6.95 ; or, in round numbers, 
their comparative weights are as 5 to 7. 

Let twenty grains be rubbed fine in a glass mortar, 
adding half an ounce of good muriatic acid. The true 
dissolves with an hepatic smell; the solution is turbid, but 
has no sediment. ‘The spurious turns the acid yellow, 
giving out an oxynruriatic odour, and leaves much sediment. 
- Let a little of each solution be separately dropped into 
water. ‘The true deposits oxide of antimony in a copious 
white coagulum; or, if the water has been previously tinged 
with sulphuret of ammonia, in a fine orange precipitate. 
‘The spurious gives no precipitate in water, and, in the 
other liquid, one of a dark brown or olive colour. 

A solution of the spurious in distilled vinegar has a sweet 
taste, together with the other pr operties of acetate of lead. 

A very small mixture of the spurious may be detected by 
its debasing, more or less, the bright orange colour of the 
precipitate thrown down by the sulphuret of ammonia from 
the solution in any acid. | 

The samples ‘of the spurious, hitherto daeeeiedn are ofa | 
much thicker and clumsier cast than the genuine; but the 
appearance is not to be trusted, and no specimen should be 
allowed to pass without a trial either of the specific gravity 
or chemical properties. 


XX XI.—Tartarized Antimony,— Antimonium Tartarizatum, 
| P. L.—Emetic Tartar. 
A solution of this salt should afford, with acetate of lead, 
a precipitate perfectly soluble in dilute nitric acid. A few 
drops of the sulphuret of ammonia, also, should immedi- 
ately precipitate a gold coloured sulphuret of antimony. 


XX XI1—Muriate of Mercury,—Hydrargyrt Oxymurias, 
P, L.—Corrosive Sublimate. 


If there be any reason to suspect arsenic in this salt, the 
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fraud may be discovered as follows:—Dissolve a small 
quantity of the sublimate in distilled water; add a solution 
of carbonate of ammonia till the precipitate ceases, and 
filter the solution. If, on the addition of a few drops of 
ammoniated copper * to this solution, a precipitate of a 
yellowish preen er is produced, the sublimate contains 
arsenic. 


XXXIII.—Sub-muriate of Mercury,—Hydrargyri 


Seub-murias, P. L.—Calomel. 


Calomel should be completely saturated with mercury. 
This may be ascertained by boiling, for a few minutes, one 
part of calomel with 3,d part of muriate of ammonia (sal am- 
moniac) in 10 parts ye distilled water. When carbonate of 
potash is added to the filtered solution, no precipitation 
will ensue if the calomel be pure. ‘This preparation, when’ 
rubbed in an earthen mortar with pure ammonia, should 
become intensely black, and should exhibit nothing of an 
orange hue. ) 


XXXIV.— Mercury, or Quicksilver,—Hydrargyrus, P. L. 


Scarcely any substance is so liable to adulteration as 
mercury, owing to the property which it possesses of dis- 
solving completely some of the baser metals. This union 
is so strong, that they even tise along with the quicksilver 
when distilled. ‘The impurity of mercury is generally in- 
dicated by its dull aspect; by its tarnishing and becoming 
covered with a coat of oxide, on long exposure to the air; 
by its adhesion to the surface of glass; and, when. shaken 
with water in a bottle, by the speedy formation of a black 
powder. Lead and tin are frequent impurities, and the 
mercury becomes capable of taking up more of these if 
zine or bismuth be previously added. In order to discover 
lead, the mercury may be agitated with a little water, in 
order to oxydize that metal. Pour off the water, and digest 


* Prepared by digesting a little verdegris. in the solution of pure 
ammonia. 
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the mercury with a little acetous acid. This will dissolve 
the oxide of lead, which will be indicated by a blackish 
precipitate with sulphuretted water. Or, to this acetous so- 
lution, add a little sulphate of soda, which will precipitate 
a sulphate of lead, containing, when dry, 72 per cent. of 
metal. Ifonly a very’minute quantity of lead be present, 
in a large quantity of mercury, it may be detected by so- 
_ lution in nitric acid and the addition of sulphuretted water. 
A dark brown precipitate will ensue, and will subside if 
allowed to stand a few days. One part of lead may thus 
be separated from 15263 parts of mercury*. Bismuth is 
detected by pouring a nitric solution, prepared without heat, 
into distilled water; a white precipitate will appear if this 
metal be present. ‘Tin is manifested, in like manner, by a 
weak solution of nitro-muriate of gold, which throws down 
a purple sediment; and zinc, by exposing the metal to 
heat. 


XXXV.—Red Oxide of Morita SE, ydrar oyri een 
Rubrum, P.L. 


This substance is rarely found adulterated, as it edd 
be difficult to find a substance well suited to this purpose. 
If well prepared, it may be totally 1 volatilized by heat. 


XXXVI.—Red Oxide of Mercury by Nii ic Acid 2 aaa 
gyri Nitrico-Oxydum, P. L,—Red Precipitate. 


This is very liable to adulteration with minium, or red 
lead. The fraud may be discovered by digesting it in 
acetic acid, and adding to the solution sulphuretted water, 
or sulphuret of ammonia, either of which produces, with 
the compounds of lead, a dirty dark coloured precipitate. 
It should also be totally volatilized by heat. 


XXXVII—White Oxide of M ercury,—LHydrargyrus 
- Precipitatus Albus, P, L.—lhite precipitate. 
White lead is the most probable adulteration of this sub« 


% See Mr. Accam’s valuable papers on the dalction oe adulterations, 
in Nicholson’ s Journal, 4to. . 
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stance, and chalk may also be occasionally mixed with it. 


‘The oxide of lead may be discovered as in the last article ; 


and chalk, by adding to the dilute solution a little oxalic acid. 


AXXVUL — Red Sulphuretted Ounide of Mercury,— Hydrar- 
gyrt Sulphuretum Rubrum, P.L.— Factitious Cinnabar. 


This substance is frequently adulterated with red lead, 
which may be detected by the foregoing rules. Chalk and 
dragon’s blood are also sometimes mixed with it. The 
chalk is discovered by an effervescence on adding acetic 
acid, and by pouring oxalic acid into the acetous solution, 
Dragon’s blood will be left unvolatilized when the sulphuret 
is exposed to heat, and may be detected by its giving a 
colour to alcohol, when the cinnabar is digested with it. 


XXXIX.—Black Sulphuretted Onide of Mercur, Ys— Ethiops 


Mineral, 


The mercury and sulphur, in this preparation, should be 
so intimately combined, that no globules of the metal can 
be discovered by a magnifier; and that, when rubbed on 
gold, no white stain may be communicated. ‘The admixture 
of ivory-black may be detected by its not being wholly 
volatilized by heat; or, by boiling with alkali to extract the 
sulphur, and afterwards exposing the residuum to heat, 


which ought entirely to evaporate. 


XL.—Yellow Oxide or Sub-sulphate of Mercury,—Hydrar- 


gyrus Virtriolatus, P. L.—Turlith Mineral. 
This preparation should be wholly paporible: and, 


when digested with distilled water, the water ought not to 


take up any sulphuric’ acid, which — be Wisenverdd by 


7 muriate of barytes. 


XU —Fused Nitrate of Silver —Aréenii Nitras, ae 
“Lunar Caustic. 

‘The most probable admixture with this pabatdaidd Is Ni- 

trate of copper, derived from the employment of an im- 

pure silver. In ‘moderate . proportion., this is of little im- 
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portance. It may be ascertained by solution in water, and 
adding an excess of pure ammonia, which will detect copper 
by a deep blue colour. 

The watery solution of lunar caustic, when mingled with 
one of common salt, should give a copious curdy precipitate. 


XLII.—White Oxide of Zine,—Zinci Oxydum, P. L.—. 


Flowers of Zinc. 


Oxide of zinc may be adulterated with halt, which is 
discoverable by an effervescence with acetous acid, and by 
the precipitation of this solution with oxalic acid. Lead 
is detected by adding, to the acetous solution, sulphuretted 
water, or sulphuret of ammonia. Arsenic, to which the 
activity of this medicine has been sometimes ascribed, is 
detected, also, by sulphuretted water, added to the acetous 
solution : but in this case the precipitate has a yellow colour, 
and, when laid on red-hot charcoal, gives first a smell of 
sulphur, and afterwards of arsenic. 


XLIU.—White Oxide of Lead '—Plumbi Car boris P. L. — 


White Lead. 


This is frequently sophisticated with chalk; the presence 
of which may be detected by cold acetous acid, and by 
adding, to this solution, oxalic acid, Carbonate of barytes 
is detected by sulphate of soda added to the same solution, 
very largely diluted with distilled water; and sulphate of 
barytes, or sulphate of lead, by the insolubility of the 
cerusse in boiling distilled vinegar. | 


XLIV. —Superacetate of Lead,—Plumli Super acetas, POL, 
— Sugar of Lead. 


If the acetate of lead should be adulterated with acetate 


of lime or of barytes, the former may be detected by dal ‘s ’ 
ing, to a dilute solution, the oxalic acid; and the latter by 
sulphuric acid, or solution of sulphate of soda, added to a 


solution very largely diluted with water. Acetate of lead 
ought to dissolve entirely in water, and. ‘any thing that re- 
sists solution may'be régarded as an impurity. 


Me 


beac 
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XLV.—Green Oxide, or Sub-acetate of CoAitty See 
P, L.—Verdegris. 


This substance is scarcely ever found pure, being mixed 
with pieces of coppér, grape-stalks, and other impurities. 
The amount of this admixture of insoluble substances may 
be ascertained by boiling 2 portion of verdegris with 12 or 
14 times its weight of distilled vinegar, allowing the un- 
dissolved part to settle, and ascertaining its amount. Sul- 
phate of copper may be detected by boiling the verdegris 
with water, and evaporating the solution. Crystals of ace- 
tate of copper will first separate, and, when the solution 
has been farther concentrated, the sulphate of copper will 
crystallize. Or, it may be discovered by adding to the 
watery solution muriate of barytes, which will throw down 
a very abundant precipitate. ‘Tartrate of copper, another 
adulteration sometimes met with, is discovered by dissolv- 
ine a little of the verdegris in acetous acid, and adding 
acetate or muriate of barytes, which will afford, with the 
tartarous acid, a precipitate soluble in muriatic acid. 


XLVI. — Crystallized Acetate of Copper;—Distilled or 
Crystallized Verdegris. 


This is prepared by dissolving the common verdegris in 
distilled vinegar, and crystallizing the solution. These 
crystals should dissolve entirely in six times their weight of 
boiling water, and the solution should give no precipitation 
with aiiitons of barytes ; for, if these solutions throw down 
a precipitate, sulphate of copper is indicated. This im- 
purity, which I have frequently met with, may be discovered 
by evaporating the solution yery low, and separating the 

ystals of acetate of copper. Farther evaporation and. 
- cooling will crystallize the sulphate, if any be present. 


XLVI. —Sub-carbonate of iieienekia, <M ganpniiac Car 
bonas, P.L. . 


Carbonate of magnesia is most liable to adulteration 
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with chalk; and, as lime forms with sulphuric acid a very 
insoluble salt, and magnesia one very readily dissolved, this 
acid may be employed in detecting the fraud. To a sus- 
pected portion of magnesia add a little sulphuric acid, di- 
luted with eight or ten times its weight of water. If the 
magnesia should entirely be taken up, and the solution 
should remain transparent, it may be pronounced pure, but 
not otherwise. Another mode of discovering the deception 
‘is as follows :—Saturate a portion of the suspected magnesia 
with niuriatic acid, and add a solution of carbonate of am~ 
monia. If any lime be present, it will form an insoluble © 
precipitate, but the magnesia will remain in solution. 


| XLVI. —Pure Wile tire Mscea) PL L— 
Calcined Magnesia. . . 


Calcined magnesia may be assayed by the same tests as 
the carbonate. It ought not to effervesce at all with dilute 
sulphuric acid; and, if the earth and acid be put together 
into one scale of a balance, no diminution of weight should 
ensue on mixing them together. It should be perfectly free 
from taste, and, when Tibestad with distilled water, the fil- 
tered liquor should manifest no property of lime-water. © 
Calcined magnesia, however, is very seldom so pure as to be — } 
totally dissolved by diluted sulphuric acid; for a small in- 
soluble residue generally remains, consisting chiefly of sili- 
ceous earth, derived from the alkali. The solution in, 
sulphuric acid, when largely diluted, ‘ought not to afford a 
any precipitation with oxalate he ammonia. ” 


iat ., 
XLIX.—Spirit of Wine, Alcohol, and fisthers. 


The only decisive mode of-ascer taining the purity of 
spirit of wine and of ethers, is by ries their specific 
gravity. Uighly rectified alcohol should hive the ps 
gravity of 800 to 1000, Common spirit of wine 837. 
phuric ether 739. The spiritus etheris sulphuric, P. Te or 
. sweet spirit of vitriol, about 753,—and nitric ecther, the . 
spiritus cetheris nitrosus, ox sweet spirit of nitre, 908, The 
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zthers ought not to redden the colour of litmus, nor ought. 


those formed from sulphuric acid to give any precipitation 


with solution of barytes. ae 


t Hae r 
L.—Essential or Volatile Oils. 
| As essential oils constitute only a very small’ proportion 
of the vegetables from which they are obtained, and bear 
generally a very high rice, there is a considerable tempta- 
‘tion to adulterate them. ‘They are fo d sophisticated, 


: 
q 
a 


either with cheaper volatile oils, with fixed oils, or with the 
spirit of wine. ‘The fixed oils are discovered by distillation 
with avery gentle heat, which elevates the essential oils, and 
leaves the fixed ones. These last. may, also, be detected by 


_moistening,a little writing-paper with the suspected oil, and 


holding it before the fire. If the oil be entirely essential, no 


~ ‘stain will remain on the aper. Alcohol, also,- detects the 
y. fixed oils, because it only dissolves: the essential ones, and 


the mixture becomes milky. . The presence of cheaper es- 
sential oils is discovered by the smell. Alcohol, a cheaper 


‘ -. liquid than some of the most costly oils, is discovered by 


__» adding water, which if alcohol be present, occasions 
be & : milkiness, ae se : f 
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i. a gir 
ey ae, CHAPTER Ul. 
oe : 
Use oF CHEMICAL REAGENTS TO CERTAIN: ARTISTS 


AND at aaa 


3 


To point abe all the Beneficial applications of chemical 


‘substances to the purposes of ‘the arts, “would require a 


distinct and very extensive..treatise. In this place I have’ 


no farther view than to describe the mode of detecting - 


adulterations i in certain ar rticles of commerce : the strength | be . 


and purity of which are e essentials to the ae ns Rae ae mS M 


processes, Yee te a Se 


| L-Mode “of detecting the Ad li 
ere and 1 Barilla. 


all other artists who are in the habit of eabley 
substances. Several methods of gs ope? | 
of alkalis te been recone oo 3 2 


for 1 789, which consists in " ilade ee th 
decomposed by the alkali unider examinati mn. 
however, has since convinced me, t a 
practicable mode of Rie this — 


the practised Shed sendene ‘hea steps of the. 
much more intelligible to artists. © 
_ The apparatus laces ice this purpose is 


* 60 A de Chim. 1. 
8 
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of an inch diameter, sealed at one end, and inserted at this 
end into a pedestal which keeps it in 2 perpendicular posi- — 
tion. The upper and open extremity may be a little funnel- 

shaped, and provided with a lip, _ for thesconvenience of | 
pouring out fluids. On this tube is engraved a scale of 7% 
equal parts, the first degree being at the uppermost part of 
the tube, and the 7 2d, of course, near its sealed. extremity. 
Rach degree is intended to: ‘contain: half a French gramme 

% - (the gramme being Asp English grains gery. Beorly) of, the 
acid test liquor. « 

The test liquor i is formed by diluting o one part by ven 

4 ‘of sulphuric acid, s. g. 1.848 *, with nine parts by weight of ts 

. | distilled water. Hence the specific gravity of the diluted 

gd *. acid will not be far from 1.0664, or very nearly 13 ‘degrees 

2 ~ of the instrument ‘ , lied in this country Twaddell’s Dedres: | 

| meter, (from the artist who } prepares and sells it at Glasgow). 

“Qdly; Good, syrup of violets is necessary, or if this cannot 

iid,” litmus paper must be substituted, for discovering 

_» the excess: of acid, and turmeric paper to ascertain a one 

dane cy of alkali. : 

2 ‘adly,. As small balance and weights. 

\ measure containing 3.05 cubic inches. | 

hl a A glass bottle with an elongated neck, of such a a 

y that, 6. 1. gubic inches w will fill it up to some part of - 


Biooistigig: ics or etl of ae about 


Ree he ° 


tt ° Sy to assaya Ele of Pe ae pearlash. Reduce 
) der a bce airy of the ae to serve as a fair 
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its contents be agitated. till the solution is said and. 
filter through paper. 

Of the pete solution, pes 3.05 cubic inches fai pour it 
into a common, tumbler. ‘Then distribute all round, the 

edge of the plate, drops of the syrup of violets, by means® 

ws one of the small wooden rods. Next, pour diluted acid 
into the tube to the line marked 0; and taking the tube in 
the left hand, add the liquor, which it contains, very slowly 
to'the « alkaline solution in the e tumbler, stirring all the while 
with one of the wooden rods, and first «using this rod, to 
remove the drop, which adheres to'the lip of the tube. ~ 
When the acid is lowered. in the tube to’ about the 40th 
degree, it.is proper to try if the alkali be neutralized, by. 
taking a drop on-the end of a glass or wooden rod, and 
mixing it with one of the drops of syrup of, violets. | Or, if * 
that test liquor cannot be had, the liquor in the tumbler 
may be assayed, by slips of\litmus and turmeric papers. © 
By doing this repeatedly, the precise point of saturation * F. 
will be at length attained; and the number on the tube, 
Breet with the level of the remaining — acid, will 
show the strength of the alkali. The mean stvengthi of i 
several varieties: fat potash was found to be 55, showing that 
they require 55 hundredths of their reign of poncep patel @ 
sulphuric acid for saturation. | Bes a 

When soda or barilla is submitted to oxpern tag it 
necessary to make the solution by: means of ea gee ie a 
in all cases, it is adviseable to repeat the experiment it oO i 
some of the liquor which has been 3 reserved ; using, | ie oe BN ly 

second trial, one fourth or some other Baga part, en 

whole. : 

The following table shews: the subnet: of some’ alkalis oe J 
commerce, common! my met bh mn Fe pags vt sy ‘ ba 


} a ; 
WP 3 + ® 
Ad ican pearlash, Ist SOLE, -:: feet, 23+ Midget, «UE 
American potash in reddish masses, 1st ditto.. 60 to. 
American pearlash, 2nd sort ........+... st hy 
American potash in Be sbieyire and ditto 50 to 55° “4 
ba\WVhite, Russian potash’? ee.0530) « Hidde, ols’) 162 40 5S ae 


? 


~ White Dantzick ditto OCT SDA WES Gael ee to 52 ‘a 


vf 
f 
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Blue Dantzick potash .. evooceoesreossesresetesd AS to 52 
wr icant’ aril cote ee ea et ea a a to 33 
Crystals of soda of commerce® ......+-+.+66 36 

Natron (kelp?).......... vetessesereeess 20 to 33 
Barilla and natron (kelp ?) inferior .....s eee. 10 to 15 


IL.—Mode of detecting the Adulteration of pails. 


‘In the section on. drugs, instructions may be found for 
discovering impurities in several chemical preparations, — 
employed by the artist, as cerusse or white lead, red lead, 
verdegris, &c. No rules, however, have been given for 
examining manganese, which.is a substance that varies . 
much in quality, and is often sophistieated; as the bleachers 
experience, to their no small disappointment and loss. 

The principal defect of manganese arises from the admix- 
ture of chalk, which is not always an intentional adul- 

_ teration, but is sometimes found united with it, as it occurs 
in the earth. When to this impure manganese mixed with 
muriate of soda, the sulphuric acid is added, the materials 
effervesce and swell considerably, and a large proportion 
passes into the receiver; in consequence of which the 
bleaching liquor is totally spoiled. Ais accident has, to- 

~ my knowledge, frequently happened, and can only be pre- 
vented by so slow and cautious an addition of the acid, as 
is nearly inconsistent with the business of an extensive 
bleaching work. ‘The presence of carbonate of lime may 
be discovered in manganese, by pouring, on a portion of 
this substance, nitric acid diluted with 8 or 10 parts of 

_ water. If the manganese be good, no effervescence will 

ensue, nor will the acid dissolve any thing; but, if carbo- 
nate of lime be present, it. will be taken up by the acid. 

% ' To the solution add a sufficient quantity of carbonate of 

, potash to precipitate the lime, wash the sediment with 

er, and dry it. Its weight will show how much chalk 
the manganese under examination contained. 

Another adulteration of manganese, that may, perhaps, 

‘ be sometimes practised, is the addition of some ores of 

_ iron. This impurity is less easily discovered. But if the 


rod 


2 
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iron be in such a state of oxydation as to’ be soluble in 
muriatic acid, the following process may discover it. Dis- 
solve a portion, with the assistance of heat, in concentrated. 
muriatic acid, dilute the solution largely with distilled water, 
_ and add a solution of crystallized carbonate of potash. The 
manganese will remain suspended, by the excess of car- 
bonic acid, on mixing the two solutions, but the iron will be 
precipitated in the state of a coloured oxide. 

From an observation of Klaproth*, it appears that 
oxides of iron and manganese are separable by nitrous acid 
with the addition of sugar, which takes up the manganese 
only. eh 


tet 


* Essays, vol. 1. page 572. rocker 
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CHAPTER IV. ; 


-AFPPLICATION OF CHEMICAL TESTS TO THE USES OF THE 
FARMER AND COUNTRY GENTLEMAN. 


"THE benefits that might be derived from the union of 
chemical skill, with the extensive observation of agricul- 
tural facts, are, perhaps, incalculable. At present, how- 
ever, the state of knowledge among farmers is not such as 
to enable them to reap much advantage from chemical ex- 
periments; and the chemist has, himself; scarcely ever 
opportunities of applying his knowledge to practical pur- 
poses in this way. It may, perhaps, however, be of use, to 
offer a few brief directions for the analysis of marls, lime- 
stones, &c. 


SECTION I. 
Lime. 


Ir is impossible to lay down any general rules respecting 
the fitness of lime for the purposes of agriculture; because 
much must depend on the peculiarities of soil, exposure, 


‘and other circumstances. Hence a species of lime may be 


extremely well adapted for one kind of land and not for 
another. All that can be accomplished by chemical means 
is to ascertain the degree of purity of the lime, and to infer, 
from this, to what kind of soil it is best adapted. Thus a 


lime, which contains ‘nuch argillaceous earth, is better 
_ adapted than a purer one to dry and gravelly soils; and 


stiff clayey lands require a lime as free as dance from the 
argillaceous ingredient. | 
To determine the purity of lime, let a given weight be 
dissolved in diluted muriatic acid. Let a little excess of 
VOL, II. ya 
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acid be added, that no portion may remain undissolved 
owing to the deficiency of the solvent. Dilute with distilled 
water; let the insoluble part, if any. subside, and the clear 
liquor be decanted. Wash the sediment with farther por- 
tions of water, and pour it upon a filter, previously weighed. 
Dry the filter and ascertain its increase of weight, which 
will indicate how much insoluble matter the quantity of 
lime submitted to experiment contained. It is easy to judge’ 
by the external qualities of the insoluble portion, whether 
argillaceous earth abounds in its composition. F 
ay Ase is one earth, however, lately found in several 
lime-stones, which is highly injurious to the vegetation of 
plants, and is not discoverable by the foregoing process, 
being, equally with lime, soluble in muriatic acid. This- 
earth is magnesia, which, by direct experiments, has been 
ascertained to be extremely noxious to plants. Mr. Ten- 
nant, the gentleman to whom we owe this fact, was informed, 
that in the neighbourhood of Doncaster two kinds of lime 
were employed, one of which it was necessary to use very 
sparingly, and to spread very evenly; for it was said, that a 
large proportion, instead of increasing, diminished the fer- 
tility of the soil; and that, whenever a heap of it was lefé 
in one spot, all fertility was prevented for many years. 
Fifty or sixty bushels on an acreswere considered to be as 
much as could be used with advantage. The other sort of 
lime, which was obtained from a village near Ferrybridge, 
though considerably dearer, from the Csanehuraaey was : 
more frequently employed, on account of its superior 
utility. A large quantity was never found to be injurious; © 
and the spots Sitch were covered with it, instead of being © 
rendered barren, became remarkably fertile. "On examining © 


the composition of these two species of lime,.the fertilizing 


one proved to consist entirely of calcareous earth, and the 
noxious one of three parts lime and two magnesia. — 

The presence of magnesia in lime toed, on farther 
investigation, to be a very common occurrence. The mag- — 
nesian lime-stone appears to extend for 30 or 40 miles from 
a little south-west of Worksop, in Nottinghamshire, to near — 


¥ 


> 


4 


e, 


§ 


SECT. I. ANALYSIS OF LIME. 433 


Ferrybridge, in Yorkshire, and it has also been found at 
Breedon and Matlock, in Derbyshire. : 

The magnesian lime-stone, according to Mr. Tennant, 
may easily be distinguished from that which is purely cal- 
careous, by the slowness of its solution in acids, which is so 
considerable, that even the softest kind of the former is — 
much longer in dissolving than marble. It has also fre- 
quently a crystallized structure, and sometimes, though not 
always, small black dots may be seen dispersed through it. 
In the countries where this lime stone is found, the lime is 
generally distinguished, from its effects in agriculture, by the 
farmers, as hot lime, in opposition to the purely calcareous, 
which they term mild. 

To ascertain, by chemical means, the composition of a 
lime or lime-stone suspected to contain magnesia, the fol- 
lowing is the easiest, though not the most accurate, process. 
eee a Florence flask, Gas it well from oil by a little 
soap-lees or salt of tartar and quicklime mixed, and break 
it off, about the middle of the body, by setting fire to a 
string tied round it and moistened with oil of turpentine. 
Into the bottom part of this flask put 100 grains of the lime 
or lime-stone, and pour on it, by degrees, half an ounce of 
strong sulphuric acid. On each affusion of acid a violent 
effervescence will ensue; when this ceases, stir the acid and 
lime together with a small glass tube, or rod, and place the 
flask in an iron pan, filled meh sand. Set it over the fire, 


and continue the heat till the mass is quite dry. Scrape off | 


the dry mass, weigh it, and put it into a wine glass, which 
may be filled up with water. Stir the mixture, and when it: 


~ has stood half an hour, pour the whole on a filtering-paper, 


placed on a funnel, and previously weighed. Wash the 
insoluble part with water, as it lies on the filter, and add 
the washings to the filtered liquor. To this liquor add a 
solution of half an ounce of salt of tartar in water, when, if 
magnesia be present, a very copious white sediment will 
ensue, if lime only, merely aslight milkiness. In the former 
case, heat the liquor by setting it in a tea-cup near the 
_ fire; let the sediment subside; pour off the clear diquor, 
Ee Sharad 
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which may. be thrown away, and wash the white powder 
repeatedly with warm water. Then pour it on a filter of 
paper, the weight of which is known, dry it, and. weigh. 
The result, if the lime-stone. has, been submitted to experi- 
ment, shows how much. carbonate of magnesia was con- 
tained, in the original stone, or, deducting 60. per cent., how 
much pure magnesia 100. parts. of the lime-stone contained. 
If the burnt lime, has been used, deduct from the weight of. 
the. precipitate 60. per cent., and the. remainder will give 


the weight of the magnesia in each 100 necottn of the. burnt 
lime. . : 


_ 


SECTION: If. 
Analysis of: Marls. 


Tne ingredient of marls, on which their. fitness for. agri- 
cultural purposes depends, is the. carbonate of lime. It is 
owing to the presence of this earth that marls, effervesce on 
thie pdieen of acids, which is, one of. their distinguishing 
characters. In ascertaining, whether an effervescence takes 
place, let the marl be. put into, a, glass, partly filled with 
water, which will expel a portion of air contained me- 
chanically in the marl, and thus obviate. one source of 
fallacy. When the marl. is thoroughly penetrated. by, the 
water, adda little muriatic acid, or spirit of salt. If a dis- 
charge of air should ensue, the marly, nature of the earth 
is sufficiently established. 

To find the composition of. a marl, pour, a, few ounces of » 
diluted muriatic acid into.a Florence flask, place them in, a, 
scale, and let them be balanced. Then reduce a few. ounces 
of. dry marl into powder, and. let this powder be carefully 
and gradually thrown into the flask, until, after repeated. 


additions, no farther effervescence. is perceived. Let the -— 


remainder of the powdered. marl be weighed, by which.the 

quantity projected will be known. Let the balance be then 

restored, ‘The difference of weight, between the quantity 
3 
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projected and that requisite to restore the balance, will show 
the weight of air lost during effervescence. If the loss — 
_ amount to 13 per cent. of the quantity of marl projected, 
or from 13 to 32 per cent., the marl assayed is calcareous 
marl, or marl rich in calcareous earth. 

Clayey marls, or those in which the argillaceous ingre- 
dient prevails, lose only 8 or 10 per cent. of their weight by 
this treatment, and sandy marls about the same proportion. 
The presence of much argillaceous earth may be judged by 
drying the marl, after being washed with spirit of salt, 
when it will harden and form a brick. 

To determine, with still greater precision, the quantity of 
calcareous earth in a marl, let the solution in muriatic acid 
be filtered, and mixed with a solution of carbonate of 
potash, till no farther precipitation appears. Let the sedi- 
ment subside, wash it well with water, lay it on a filter, pre- 
viously weighed, and dry it. The weight of the dry mass 
will show how much carbonate of lime the quantity of mar! 
submitted to experiment contained. 
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CONSISTING OF 


VARIOUS USEFUL TABLES. 


No. [, 


CORRESPONDENCE BETWEEN ENGLISH AND FOREIGN 


WEIGHTS AND MEASURES. 


I.—English Weights and Measures. 


Troy Weight. 


Pound. Qunces. Drms. Scruples. Grains. §Grammes. 
1 ses 12-96... ==, 288 = 6100 (6372.96 
l= = 24 = 480 = 31.08 

1= = 60 = 3.885 

Linc Owes 15905 


l= . 0.06475 


Avoirdupois Weight. 


Pound. Ounces. Drms. Grains. Grammes. 
1 = 16 = 256 = 7000 == 453:25 
SL ves 4 1G et AB 75 = ) 28.328 

1 = 27.54875 = 1.7708 
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Measures. 


Gal. Pints. Ounces. Drms. Cub. Inch. ‘Litres; 
1 = 8 = 128 = 1024 = 931 = 3.78515 
1= 16> 128 = 28.875 = 0.47398 

i a 3. = 1.8047 = 0.02957 

1 0.2256 = 0.00396 


Al 


N. B.—The English ale-gallon contains 282 cubical inches. 
The wine gallon contains 58176 Troy grains; and the 
wine pint 7272 Troy grains. 


I pes German. 


71 lbs. or grs. English troy, = 74 lbs. or grs. German 
| | apothecaries weight. 
1 oz. Nuremberg, medic. weight, = 7 dr. 2 sc. 9 gr. English. 
1 mark Cologne, ......-..... = 702, 2 dwt. 4 gr. Eng- 
lish troy. 


— -WL.—Dutch. 


1lb. Dutch, = 1b. 3 oz. 16 dwt. 7 gr. English troy. 
7873 Ibs. Dutch, = 1038 lbs. English troy. 


IV.—Swedish Weights and Measures, diaid ba y ee 
| and Scheele, 


The Swedish Pound, which is divided like the English 
apothecary, or troy, pound, weighs 6556 ers. troy. 

‘The kanne of pure water, according to Bergman, weighs 
42250 Swedish grains, and occupies 100 Swedish cu- 
bical inches. Hence the kanne of pure water weighs 
4:3088.719444 English troy grains, or is equal to 189.9413 
English cubic inches; and the Swedish longitudinal inch is 
equal to 1.238435 English longitudinal inches. 

From these data, the following rules are deduced : 
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1. To reduce Swedish longitudinal inches to English, 
multiply by 1.2384, or divide by 0.80747. 

2. To reduce Swedish to English cubical inches, multiply 
by 1.9, or divide by 0.5265. 

3. To reduce the Swedish pound, ounce, dram, scruple,. 
or grain, to the corresponding English troy ee aia 
‘multiply by 1.1382, or divide by .8786. 

4, To reduce the Swedish kannes to English wine pints, 

multiply by .1520207, or divide by 6.57805. ~ 
'  §. To reduce Swedish kannes to English wine gallons, 
multiply by .82225 or divide by 1.216. 

6. The lod, a weight sometimes used by Bergman, is 
the 32d part of the common Swedish pound of 16 oz. and 
the 24th part of the pound of 12 0z. Therefore to reduce 
it to the English troy pound, multiply by .03557, or divide 
. by 28.1156. 


Ve SCohecipyithie of English Weights and Measures with 
those used in France before ihe Revolution. 


§ 1.— WEIGHTS. 


The Paris pound, poids de marc of Charlemagne, contains: 
9216 Paris grains; it is divided into 16 ounces, each ounce 
into 8 gros, and each gros into 12 grains. It is equal to 

7561 English troy grains. 
The English troy pound of 12 ounces contains 5760 
English troy grains, and is equal to 7021 Paris grains. 

The English avoirdupois pound of 16 ounces contains 
7000 English troy grains, and is equal to 8532.5 Paris 
grains. 

To reduce Paris grains to aera troy oT 

divide by .. Hy eee die YBRAG a ote Saad ’ 
To reduce English tan dieuta ee Rat grains, » 1.2189 

multiply by ...... Tay ah iestek js aaee 
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To reduce Paris ounces to English troy, | 


divide py, C0 tl AL STEN ac phil dif 
To reduce English bie: ounces to Paris, bOLSTSS 
MAU LY DY, besa pointe Meuld mmm ena Antes ele ri 


Or the conversion ats be made by means of the following » 
tables : a 
_ 1.—To reduce French to English Troy Weight. 


The Paris pound = 7561 7 
_ The ounce = 479.5625 | 
The gros oes 59.0703 > English troy grains. 


The grain 8204 J 


I 


2.—To reduce English Troy to Paris Weight. 


‘The English paises of12) _ “021. s . 

GUNGES Lee. \e Se kuele | 
The troy ounce .......... = 585.0833 
The dram of 60 grains .... = 73.1354 oe 

> Paris grains. 
The penny-weight or denier 
mail ‘2O2oel 

OP 24arains 2.45 5 3:5 60 3s , 
The scr ant of 20 grains .. = 24.3784 
Phe praia) EAU en 1) 1.2189 


—To reduce English Avoirdupois to Paris Weight. 
The avoirdupois pound of 162 _ gng¢ 

ounces, or 7000 troy grains 5 ~ i - Paris grs. 

PERGKOMTICE svi tibia uel aR are 533.6250 


I 


§. I1.—LONG AND CUBICAL MEASURES. 


To reduce Paris running feet, or inches, peso 


English, multiply Oy UA UE A ea Ae 
English running feet, or inches, into Paris, > 1.065977 
divide He the’ Liahscst: cide MN BRAM Set EP its, Wee u 
To reduce Paris cubic feet, or inches, to English >) 
multiply by ..... BL erate ah ARS bh ee hibad al 
English cubic feet, or inches, to Paris 1.21 1278 
divide’ bye aay “ae a ms Ry ea A A radian 


Or by means of the following tables: 


OLD FRENCH MEASURES, 491, 


4,—To reduce Paris Long Measure to English, 


The French toise = 6.3945 English feet. 
The Paris royalfootof12inches = 12.7977 


Pe wiele § atk Sci). Sa eer = 1.0664 Enolish; 
The line, or 1-12th of an inch a 0588 f ngtishinches, 
The 1-12th of aline........ = 0074 


5.—To reduce English Long Measure to French, 
The English foot . ........ = 11.2596 


Hewes 068k See 58 SS POM =  _.9383 

The 1-8th of aninch ...... =  .1173 $ Paris phate) 
‘The do DQth tnt ationres caine a me TOOSR 

The 4-1 othe eg eS 0782] 


6.—To reduce French Cube Measure to English. 


pag tare at = 1.211278 {sae geet 


The cubic oe = .000700 (feet, or 1.211278 


me 


7 1p reduce English Cube Measure to French *, 


The Enolish cube foot, or) _ 

1728 cubical inches rt taint French cubical 
The-cubical inch 0.0. 60h ise 8260 F inches. 
tie, cube tenth? «.:+s.6 vais... eS .0008 J 


§ 111.—MEASURE OF CAPACITY. 


The Paris pint contains 58.145 t+ English cubical inches, 
and the English wine pint contains 28.875 cubical inches; 


* To convert the weight of a French cubic foot, of any particular sub- 
stance given in French grains, into the corresponding weight of an English 
cubic foot in English troy grains, multiply the French grains by 0.6773181, 
and the product is the number of English troy grains contained in an 
English cubic foot of the same substance. 

+ Itissaid by Belidor, Archit. Hydraul. to contain 31 02. 64 grs. of 
water, which makes it 58.075 English inches ; but, as there is considerable 
wacertainty in the determinations of the weight of the French cubical 
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or, the Paris pint contains 2.0171082 English pints, and the 
English pint contains 49617. Paris pints; hence, 


To reduce the Paris a to the English; ) 
multiply by SNS Cte, ORR Reig | 
To reduce the Bnglish pint to the. aint f 2.01 72082 
MIVide BY A Gea. coml ee bi. eee ie he 


The septier of Paris is 7736 French, or 9370.45 English, 
cubical inches; and the muid is 92832 French, or 112445. 4s 
English sabical inches. 


measure of water, owing to the uncertainty of the standards made use of, 
it is better to abide by Mr. Everard’s measure, which was*made by the. 
Exchequer standards, and by the proportions of the English and F renich 
foot, as established by the French Academy and Royal Society. 

According to Beaumé, the Paris Pint contains 32 French ounces of 
watet, at the temperature of 54.5° of Fahrenheit; which would make it 
equal to 49.729 English cubical inches. 


4 


FRENCH AND ENGLISH GRAINS. 4.93” 


VI. sh showing the Comparison between French and 
English Grains, (Poid de Marc.) 


* 4 0,8203 1 1.2189 
2 1.6407 2 2.4378 
3 2.4611 3 3.6568 | 
A 3.2815 4 4.8757 
5 4.1019 5 ohe eI Cena 6.0947 
6 4.9223 TREO R Bh 7 a1S6 
6 5.7427 7|° 8.5825 | 
8 6.5631 Sai 9.7515° 
9 7.3835 Lf Bkhuen 94H 10.9704". 
10 8.203 LPR LOd ee) 12:189 * 
20 16.407 20} 24.378 
30 24.611 30 | 36.568 | 
4.0 32.815 401 48.757 
50 41.019 501 60.947 
60 49.223 TAPCO NGO Come S6 | 
70} 57.427 70 85.325 
80 65.631 80 97.515 | 
Vee 90 | 73.835 90 | 109.704 _ 
/ 100 82.03 100 { 121.89 
243.78 
$65.68 
487.57 
609.47 | 
: 731.36 
700} 853.25 | 
! | 800 975.15 | 
900 | 738.35 | 900 1097.04 
“Ft 8900 1.-92820.9. 1000 | 1218.9 
2000 1640.7 2000 2437.8 
3000 2461.1 3000 3656.8 
4.000 3281.5 4000 | 4875.7 
5000 4101.9 5000 6094.7 
6000 4922.3 6000 7313.6 
7000 5742.7 7000 8532.5 
8000 6563.1 8000 9751.5 
9000 7383.5 9000 | 10970.4 
* 10,000 8203.0 10,000 121 89.0 


French grs. == English grs. 


English grs. == French gers. 


* Per Farey (Nicholson’s J Suehal: Xxil. 338), 1 grain, French = 0.8204 
English; 10,000. ditto = 8204 ditto. 
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VII.—Talble showing the Comparison between French and 
English Cubical Inches. 


/ 8239.0 


Cubic Inches. Cubic Inches. 
French. = English. English. = French. 
1 1.2136 1 0.8239 
) QAZT2 3 1.6479 
3 3.6408 3 2.4719 |. 
4 4.8544 4 3.2958 
5 6.0681 ie | 4.1198 
6 7.2817 6 4.9438 
7 8.4953 7 5.7677 
8 9.7059 8 6.5917 
9 | 10.9225 9 7.4157 
10 12.136 10 8.239 
20 Q4.272 20 16.479 
30 36.408 80 94.719 
40. 48.544: 40 32.958 
50 60.681 50 41.198 
60 72.817 : 60 49.438 
70 84.953 70 57.677 
80 97.089 80 65.917 
90 | 109725 — 90 74.157 
100 121.36 100 82.39 | - 
200 942.72 | 200 164.79 | |, 
300 364.08 . 300 247.19 
4.00 485.44 400 | - 329.58 
500 | 606.81 | 500 | 4.11.98 
600 728.17 600 4.94.38 
700 849.53 FOO 576.77 
800 970.89 800 659.17 
900 | 1092.25 | 900 741.57 
1000 1213.6 ~ 1000 $23.9 | 
2000 P4972 \ . 2000 1647.9 
3000 3640.8 | 3000 2471.9 
4000 4854.4: - 4000 3295.8 
5000 | 6068.1 | — 5000 4119.8 
6000 7981.7 6000 4,943.8 
7000 8495.3 . 7000 5767.7 
8000 9708.9 8000 6591.7 
9000 | 10922.5 8000 |. , 7415.7 


10,000 | 12136.0 10,000 
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Vu. —New French Weights and Measures (calculated by 
~ Dr. Duncan, jun.). 


1.—Measures of Length: the Metre being at 32°, 
and the Foot at 62°. 


English inches. 


Millimetre = .03937 

Centimetre = ' 89371 

Decimetre = 3.93710 

Metre he oes 39.37100 Mil. Fur. Yds. Feet. In.* 

Decametre = 393.71000 = O 0O POLS SF 

Hecatometre= 3937.10000 = 0 O 109 1 1 

Kilometre = 39371.00000 = O 4 213°) £1024 

Myriomette = 393710.00000 = 6 1. 156 0 6 
2— Measures of Capacity. 

* Cubic inches. 

Millilitre od .06103 : 

Centilitre = .61028 English. 

Decilitre = 6.10280 Tons. Hogg. Wine G. Pints. 

Litre = 61.02800 = O O 0. 2.1133 

Decalitre = 610.28000 = 0 0 2 5.1352 

Hecatolitre = .6102.80000 = 0 v0 26.419 

Kilolitre ==" 63028 00000. =~ ber tran 2a On 

Myriolitre = 610280.00000 = 10 1 58.9 
3.—Measures of Weight. 

English grains. 

Milligramme = 0154 

Centigramme = 1544 

Decigramme = 1.5444 Avoirdupois. 

Gramme as 15.4440 Poun. Oun. Drarg. 

Decagramme = 154.4402 = QO SAS 

Hecatogramme = 1544.4023° = 0 8 85 

Kilogramme = 15444,.0234 = Bie Seg 

Myriogramme = 154440.2344 = 22 1 @ 
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ig a eal of the Ounce Measures used by Dr. Priestley 
to Cubical Inches. 


_ Ounce French cubical English cubical 
_ Measures. Inches. Inches. 
1 1.567 1.898 
g 3.134 3.796 
3 4.701 5.694 
4 6.268 7.592 
5: 7.835. ' 9,490. 
6 9.402 11.388. 
7 10.969. 13.286 
8 12.536 15,184 
9 14.1038 17.082 
10 15.670 18.980 
20 31.340 37.960 
30 4:7.010 56.940 
4D) 62.680. 75.920 
50 78.350 94.900 
60 94.020 113.880 
70 109.690 132.860 
80 125.360 151.840 
4 90 141.030 170.820 
100 156.700 189.800 
1000 1567.000 1898.000 
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X.—Rules for reducing the Volume of Gases to a mean 
Height of the Barometer, and mean Temperature. 


1. From the space occupied bly any quantity of gas under 
an observed degree of pressure, to infer what its volume would 
be under the mean height of the barometer, taking this at 30 
aches, as is now most haneh 

This is done by the rule of proportion; for, as the mean 
height is to the observed height, so is the observed volume 
to the volume required. For example, if we wish to know 
what space would be filled, under a pressure of 30 inches 
of mercury, by a quantity of gas, which fills 100 inches, 
when the barometer is at 29 inches, | 

B00 aed oer LON te eeu 
The 100 inches would, therefore, be reduced to 96.66. 

2. To estimate what would be the volume of a portion of 
gus, if broughi to the temperature of 60° Fahrenheit. 

Divide the whole quantity of gas by 480; the quotient 
will show the amount of its expansion or contraction by 
each degree of Fahrenheit’s thermometer. Multiply this 
by the number of degrees, which the gas exceeds, or falls 
below, 60°. If thetemperature of the gas be above 60°, 
subtract, or if below 60°, add, the product to the absolute 
quantity of gas; and the remainder in the first case, or 
sum in the second, will be the answer. Thus, to find 
what space 100 cubic inches of gas at 50° would occupy if 
raised to 60°, divide 100 by 480; the quotient 0.208 mul- 
tiplied by 10 gives 2.08, which added to 100 gives 102.08 
the answer required. If the temperature had been 70°, 
and we had wished to know the volume, which the gas 
would have occupied at 60°, the same number 2.08 must 
have been subtracted from 100, and 97.92 would have been 
the answer. 

3. In some cases, it Is necessary to Paes a double cor- 
rection, or to bring the gas to. a mean both of the Larometer 
and thermometer. We must then first: correct the tempera-~ 
ture, and afterwards the pressure. Thus to know what space 

VOL. I, 2k 
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100 inches of gas at 70° Fahrenheit, and 29 inches baro~ 
meter, would fill at 60° Fahrenheit and 30 inches barome-_ 
ter, we first reduce the 100 inches, by the second process, 
to 97.92. Then by the first 

80.8) 29c.aey. OFA cacy. 94.69, 
Or 100 inches thus corrected, would be only 94.63. 

4. To ascertain what would le the absolute weight of a 
given volume of gas at a mean temperature, from the known 
weight of an equal volume at any other temperature; first, 
find by the second process what would be its bulk at a mean 
temperature; and then say, asthe corrected bulk is to the 
actual weight, so is the observed bulk to the number requir- 
ed. Thus if we have 100 cubic inches of gas weighing 50 
grains at 50° Fahrenheit, if the temperature were raised to 
60° they would expand to 102.08. And 

BLOBS OB 8 (OO IE 2): LOG Ls! hg, 
Therefore 100 inches of the same gas at 60° would weigh 
49 grains. . 

5. To learn the absolute weight of a given volume of gas 
under a mean pressure, from. its known weight under an 
observed pressure, say, as the observed pressure is to the 
mean pressure, so is the observed weight to the corrected 
weight. For example, having 100 inches of gas which 
weigh 50 grains under a pressure of 29 inches, to know 
what 100 inches of the same gas would weigh, the barome- 
ter being 30 inches, . 

29 BOT) BOC MOE TZ. 
Then 100 inches of the same gas, under 30 inches pressure, 
would weigh 51.72 grains. 

6. In some cases it is necessary to combine the two last 
calculations. Thus, if 100 inches of gas at 50° Fahren- 
heit, and under 29 inches pressure weigh 50 grains, to 
find what would be the weight of 100 inches at 60° Fahren- 
heit, and under 30 inches of the barometer, first correct 
the temperature, which reduces the weight to 49 grains. 
Then, 

BO) 5 BOr lt MWe ot or 50 Fs): 
One hundred inches, therefore, would weigh 50.7 grains 
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XI Specific Gravities of Solid and Liquid 


ammonia! 0.9660 


Substances * 


Specific) Specific 
Gray. ‘Grav 
GEMS. - STONES, &c. BAKES 2 
Diamond, white, ori- Jasper, brown ...... 2.6911 
ee 3.5212||Granite, Kgyptian ... |2.6541 
Topaz, oriental. ,.;. |4.0106|Rock-crystal ..... . (2.6530 
Sapphire, oriental... . |3.9941 Chalcedony, bright . .. [2.6640 
Garnet, Bohemian . .. 4.1888|\Carrara marble ..... 2.7168 
Beryl; oriental... .... |3.5489||Alabaster, oriental .. |2.7302 
Hyacinth, common. . |3.6873|\Carnelian.......... 2.6137 
Emerald, from Peru . |2.7755|\Slate, common, for 
Crysolithe, from Bra~ MOE cial ind oe Vb thea Melb 2.8535 
REP EY eee ches ek S.GOSS Wt pe. both. ois xiaty ans 2.5941 
Amethyst, oriental .. |2.651 |/Agate, oriental ..... 2.5901 
Ruby, oriental...... |4.2833||Portland-stone ...... 2.533 
Serpentine, green, Ita- 
STONES, &c. bora iis tect va Cohn 2.4995 
Ponderous spar... .. |4.4300|}Opal, noble........ 2.144 
Porphyry .....>+; .» '2.7651||Pumice-stone ...... |0.9145 
SALTS. ? 
re Kirwan. ieee Newton. 
Potash . eves) 1.7085 | 4.6215 
PME ee haves is 1.5233 | 2.3908 | 2.37700 
Maenesia..... »iiss| 0.3460 | 2.3298 
Alumine ..........{} 0.8200 | 2.0000 
DaPytes ov. o.6 6 Pes. 2.3740 | 4.0000 | 
Sulphate of potash..| 2.4073 | 2.636 | 2.398 
—_—_—_—— alumine. | 1.7109 1.7260 | 1.714 
zinc.... | 1.9120 1.9 1.712 
— iron....| 1.8399 1.88 
——_—_—_—— ail »| 2.1943 .| 2.23 
Nitrate of potash .:.. | 1.9369 | 1.933. | 1.901. -| 1.900 
Muriate of soda ..../ 2.2001! ~ 2.0835 | 2.143 
Acétate of lead .. 2.3450 | | 253953 
Supertartrate of potash 1.9153 | 1.8745 
Sub-borate of soda .. | 1.7230 1.7170 | 1.714 
Carbonateof potash . | 2.0120 2.749 
soda. ..| 1.3591 |/1.421 


1.8245 |/ 1.5026 


- * For the specific gravities of the metals, see Table Bf} the Qualities 
of Metals, near the close of this Appendix. 
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Table of Specific Gravities of Solid and Liquid 


Substances, —Continued. 


Specific} 
GLASSES AND VITRIFI-| Grav. 
CATIONS. 

Green bottle-glass.. 
French orystal-glass . 
French smirror-glass, 

from St. Gobin ... 
English One es ’ 
China porcelain .. 


INFLAMMABLES. 
poo ean AON te! 
Phosphorus .. 
fae A ey a 
Amber .)\au, Pe 983. : 
Heaviest charcoal .. 0.441 
Mineral naphtha... {0.708 | 
CMMMLIOT SO .. 5 oem We lee 0.9887 
Liquid ammonia .... |0.8970 


1.0780 


WATERS. 
Distilled water ..... 1.0000 
Sea water vscrreawas 1.0263 


Water from the As- 
phaltie Sea .... 


ACIDS. 
Sulphuric acid of com- 

MEPCe 6 AA 1.8500 
Sulphuric acid, real .|2.1250 
Nitric acid 
Muriatic acid 
Concentrated acetic}: 

acid 


2@eeneesee 


SPIRITUOUS LIQUIDS. 


RE 


Madeira wine ...... 

CVGEN Siow tn viel x te 

Brown beer...... Ao 1.0338 
Burgundy wine . 0 9915] 


Champaigne wine 
 * Per Chaussier 0.7980. 


-|| SPIRITUOUS LIQUIDS. |- 
. |2.7325|Brandy . 
2.8922||Aleohol* 22. .2..4% 


2.4882|\Acetic ether........ 
. 3.3203||Sulphuric ether + ... 
. |2.3847)| Muriatic ether 


1.9907/|Oil of cinnamon..... 
11.714 ||Oil of cloves 
1.3292|\Oil of lavender ..... 


.. (1.2403! Asses’ milk 


. . |1.5800]|Spermaceti 
1.1940}| Butter 


1.0882 1sory i ae Rita hetotee u's 


Specific | 
Grav. 


e@eeoeeeeees 


Nitric ether .. 


eoeoeoee 


ETHEREAL OILS. 
Spirit of turpentine.. 


_ FAT OILS. 
Linseed oil 
Poppy oil... 
Oil of sweet al- 

mounds. Ke 
Olivevoil (3 Se hos 


@eeeeseetees 


ANIMAL FLUIDS.. 


Human urine ...... 


ANIMAL FATS. 
Tallow! eos, Ae 


Home lard... 


@eesee Ge 8 @ [Ve 
va 


+ Per Lovitz 0.6320. 
6 
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‘Table of Specific Gravities of Solid and Liquid 


Substances,—Continued. 


Specific Specifi 
Grav. Gray. 
GUMS. - - Woops. - 

{4nm’ Arabic ....... 1.4523)|Lionum guaiacum .. {1.3330 
Gum tragacanth..,. {1.3161 Box wood, Dutch ..{1.3280 

| ||French box wood ... {0.912 
GUM-RESINS. Ebony: i Xsiebswas . 11.2090 
Asafocetida ......... 41.3275) Heart of old calor . {1.1700 

Scammonium, from Mahogany ........ {1.063 
MIVA 5 v's wile « ds (hed (OI OUVE CEO en ven 2 +s 0.9270 

Galbanum ........{1.2120|Mulberry tree, se 
IBN tre chs . (0.8970 
RESINS. Beech tree ...... .- |0.8520 
Guaiacum .........{|1.2289)| Yew tree, Spanish .. {0.8070 
Palani tgie bias »..+.{1.2185)Apple tree ...,..,..|0.7930 
Ammoniacum ....../1.2071)/Plum tree ......... {0.7850 
Benzoe........++.4.{1.0924/|Maple tree ........10.7550 
Sandarac ..........|1.:0920||\Cherry tree ........ {0.7150 
White resin ....... 1.0819)|\Quince tree ........ 0.7050 
Colophony......... 1,0441]|Orange tree........ {0.7050 
Mastich ........... {1.0742 Walnut Grae at .. 10.6710} 
Copal, transparent .. |1.0452)| Pear tree . ose. 10.6610} 
Elastic resin......... |0.9335)|Cypress, Spanish . . (0.6440 
Pine! tree! v.46 as es 0.5500 
INSPISSATED JUICES. White Spanish poplar 


Aloe succotrina .....\1.3795|| tree .....eveecees (0.5294 
Opium aA. o° ape Pa) 1.3366] Cork e@esee8 @@ 82898908 0.2400 
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XII.—Rules for. Calculating the Absolute from the Speci ifie 
Gravities of Bodies. 


In 1696, Mr. Everard, balance maker to the Exchequer, 
weighed. before the commissioners of the House of Com- 
mons 2145.6 cubical inches, by the Exchequer standard 
foot, of distilled water, at the temperature of 55° of Fah- 
renheit, and found it to weigh 1131 oz. 14 dts. troy, of the 
Exchequer standard. The ioe turned with 6 grs. when 
loaded ‘with 30 pounds i in each scale. Hence, supposing 
the Raped avoirdupois to veigh 7000 grs. troy, a cubic foot 
Lieu nu Sontae, 106 ‘grains troy. And hence, if the 
specific gravity of water be called 1000, the proportional 
specific g eravities of all other bodies will nearly express the 
number of avoirdupois ounces in a cubic foot. Or, more 
‘ accurately, supposing the specific g gravity of water expressed 
by 1, and of all other bodies in proportional numbers, as 
the cubic foot of water weighs, at the above temperature, . 
exactly 437489.4 grains troy, and the cubic inch of water 
253.175 grains, the absolute weight of a cubical foot or 
inch of any body in troy grains may be found by, mul- 
tiplyi ing their specific gravity by either of the above numbers 
respectively 

By Everard’s experiment, and the proportions of the 
English and French foot, as established by the Royal So- 
ciety and French Academy of Sciences, the following num- 
bers are ascertained ; 


Paris grains in a Paris cube foot of water = 645511 
English grains in a Paris cube foot of water = 529992 
Paris grains in an English cube foot of water = 533247 | 
English grains in an English cube foot of water = 437489.4 
English grains in an English cube inch of water = 253.175 


By an experiment of Picard with the measure 

and weight of the Chatelet, the Paris cube 

foot of water contains of Paris grains ....= 641326 
By one of Du Hamel, made with great care.. = 641376 
By Homberg « seccasceccrsvvercseseces ms 641666 
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These show some uncertainty in measure or in weights; 
but the above computation from Everard’s experiment may 
be relied on, because the comparison of the foot of England 

with that of France was made by the joint labour of the 
~ Royal Society of London and the French Academy of 
Sciences: it- agrees likewise very nearly with the weight 
assigned by M. Lavoisier, 70 Paris pounds to the cubical 
foot of water. 


XIII.—Table for reducing the Degrees of Baume’s Hydro- 


meter to the Common Standard. 


Baume’s Hydrometer for Liquids lighter than Water. 


Temperature 55° Fahrenheit, or 10° Reaumur. 


. |) Deg. Sp. Gr. |: Deg. Sp.Gr. |) Deg. Sp. Gr. 


Whew hosong ADO |i Pcche ees A ROG cite OD. | Bae. ood oSded 
The vy bc Oe | LO sae os ROOMIN ET 0 akin) aE, Gots « 0, ARBs 
Poor. Geb | 80. ee eae eS oe ee Od ube s .OS7, 
13 MTT Pots ee Cee PEO ee OP OT ee a. oe 
PA! OPO 92 FF GIGS] BOA SBF) SIRNA 1827 
UG... 2963:)1 23. o. 909 1 carne ae 39... 822 
ch eee eM | a 856 |-40:...0- 817 
Thos <a 1949 1 25 897 Te Ape 


Baume’s Hydrometer for Liquids heavier than Water. 


Temperature 55° Fahrenheit, or 10° Reaumur. 


Deg: Sp. Gr. | Deg.. Sp. Gr. | Deg. Sp. Gr. | Deg. Sp. Gr. 
Ofees.s 1.000.) 1.81.1 70+}, 42 056 AI 163). +. 0:0i1.7-79 
Sy. eee 1.020 | 24....1.200 | 45....1.455 | 66....1.848, 
G...- 1.040 | 27....1.230 |'48....1.500 | 69....1.920 
Given, LOG T S005. 1.261 | Slow bar ie. 4a ZOO 


12..... 1.089 } eh 1.295! 5a, . 1.594 
lees 1.194 [% 41.333 |-57 64. 61.689 
18.... 1.140 or ae 60....1.717 


. 
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No. If. 
ADMEASUREMENT AND EFFECTS OF HEAT. 
1.—Correspondence between different Thermometers. 


Fanrennerr’s thermometer is universally used in this 
kingdom. In this instrument the range between the freez- 
ing and boiling points of water is divided into 180°; and 
as the greatest possible degree of cold was supposed to be 
that produced by mixing snow or muriate of soda, i was 
made the zero. Hence the freezing point became 32°, and 
the boiling point 212°. 

The Gest goade thermometer places the zero at the 
freezing point, and divides the range between it and the 
boiling point into 100°. This has long been used in 
Sweden under the title of Celsius’s thermometer. 

Reaumur’s thermometer, which was formerly used in 
France, divides the space between the freezing and boiling 
of water into 80°, and places the zero at the freezing 
point. 


Wedgwood’s pyrometer is only stended to measure very © 


high temperatures. Its zero corresponds with 1077° of 
Tahnhoits. and each degree of Wedgwood is equal to 
130° of Fahrenheit. 

De Lisle’s thermometer is used in Russia. ‘The gradu- 
ation begins at the boiling point, and increases towards the 
freezing point. The boiling point is marked 0, and the 
freezing point 150°, 

Therefore 180° F. = 100° C, =80°R. =150°D=2w. 

I. To reduce centigrade degrees to those of iat cenneit. 
multiply by 9 and fivide by 5, and ‘to the quotient add 32, 
that is, — x94 99= FF. 


2. To nate Fahrenheit’s tie to centigrade, oe 


= C, 
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3. T o reduce Reoumur s to Fahrenheit’s, we have the 


following formula, © 2439 == FB, 


4. To convert aoa to Reaumur, ace om = R. 
6. To reduce De Lisle’s degrees under the boiling point, 
we have F. = 212 — 2: *°, To reduce those above the 


Pes 


boiling point, F. = 212 + 


6. And, inversely, to ut ee Fahrenheit’s degrees to 
De Lisle’s, under the boiling point cefend =— [— 
7 F.x5— 1060 _ 
esi eer cape D. 

7. To reduce Wedgwood’s degrees to those of Fahrenheit, 
we have W x 130 + 1077 = F. 


8. Inversely, to reduce Fahrenheit to Wedgwood, = 
re. 


.3 above 
the boiling point 


— 1077 
130 
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Table, showing the Correspondence letween the Degrees of 
Falrenheit’s Thermometer and the new Scale of 
Mr. Dalton (see vol.i. page 83). 


Fahrenheit’s Fahrenheit’s, Scale, True equal In- 
Scale. corrected for the tervals of Tem~ 
Expansion of Glass. perature, © 


Sos 40. 2e et oveversias. oeee@oeeveoee ~ 175, 


rete #8 bose rel chee fare yy olsun eel ie) Gps 
rel ROG st ee ane ok ibe ied Kemet sla Giles | eae ee 
bet Ee OG Se atee: eletahabaceieere dsrtte Rivdianda Sta 
tei. ee LG gh ganas gana ongheg oie la ot. 6. ¥6(o.9ce 
=< 3.76. 7c 60 eeoeeseeee@ AOS waa COP eS 23° 
of 1.34 cece ereerecces eecececereeseee 18 
Ge Te pho 0 ca ko eae dni Waite vigtlece Mabe tt ey ee ae 
BEGS toe Bie “ , qipamianh | fictiet Wee kala ae oA 
Seri: Marte I ess alah ile “eostevata tone 12 
DOES: Beg wet te eietn oes ee roe P 22. 


nO PRET Tate Cr Mi Meo hy so 42 
AGG jun scl pe eh ce Viper em alge cneten 52 
Gelder Deed? BOM cha UE NR ee 
BEG) Moe Fe eC BBs a iene 72 
TEOMA Sons avers GoM Be een aey ae 82 
FN RMR seme rane cs PaCS e Lert 92 
BYO2 iss adie sick) GOA attns, dye eee Ea DOR 
BAG 6 25s kde Wg aice LOU) was eed eee a 
MOB cj ce sn cagnhdOle osc conte eens 
MB5 9 NAY A 0 eg ie er 8 Se 
(27 ep ab cae Tee ah Ong eae 
P8008 i. PUR TAMER Te pea: TBS 
MBI oe dT BOT Sa ee a oe be 
OGRE se vnc ch aeee, MGSRI ous an ute Cad ee 
M27 y 9) <i> oes vss be ue UTR URS uray Ga alae 
POG) dics dros coe dS BGML Vane, iat e gammamie? 
NOG eh Seve cke AOSOE: Suk ate eens 
QUO. vies ss oak « BEBUADT SW luRebetecen eR 212 


eee 


SEG Me we RIM eT ou ret ASR in i 312 « 
REGIRA ari ac wine, ie US MRS MES © Se SURAT 
GAst Vet tee ie AY Ra RE tah eas irae 512 
1600, he Cie ce es CE oe SE). Seas To 
1285. @es@ee2eeoeeee#ts . *s#+e@ovuvugaee ee oye re 4 


3 


Oe 


Fahrenheit. 
— 55 
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II.—Talle of the Effects of Heat. 
1. Freezing Points of Liquid. 


Strongest nitric acid freezes (Cavendish) 


- Ether and liquid ammonia 


Mercur 

Sulphuric acid (Thomson) 
‘Acetous acid 

2 Alcohol, 1 water 

Brandy 

Strongest sulphuric acid (Cavendish) 
Oil of turpentine (Macquer) 
Strong wines 

Fluoric acid 

Oils bergamot and cinnamon 
Human blood . 


Vinegar 


Milk 
Oxymurtiatic acid 


Water 


» Olive oil 


Sulphuric acid, specific gravity. 1.78 (Keir) 
Oil of anniseeds, 50 (‘Thomson) 


2.—Melting Points of Solids. 


Equal: parts of sulphur and phosphorus. 
Adipocire of muscle 
Lard: (Nicholson) 

Phosphorus (( Pelletier). 

Resin of bile 

Myrtle wax (Cadet) 

Spermaceti (Bostock). 

Tallow (Nicholson): 92-(Thcemson) 
Bees’ wax 
Ambergris (La Grange) 
Bleached wax (Nicholson) 


Bismuth 5 parts, tin 3, lead 2 
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Fahren. | Wedg. 


234 Sulphur (Hope) 212 (Foure.) 185 (Kirw.) 
235 | Adipocire of biliary calculi (Fourcroy) — 
283 ' | Tin and bismuth, equal parts 

303 Camphor 

334 Tin 3, lead 2, or tin 2, bismuth 1 

442 Tin (Chrichton) 413 (Irvine) 

A460 |- Tin 1, lead 4 

476 Bismuth (Irvine) 

612 Lead (Chrichton) 594 a ) 540 (Newton) . 
700 | Zinc 

809 Antimony 


3809 21 | Brass 
4.587 27 | Copper 
4717 28 | Silver 
5237 32 | Gold 
17977 | 130 | Cobalt 
20577 150 | Nickel 
21097 | 154 | Soft nails 
21637 158 | Iron 
21877 | 160 | Manganese ! 
23177 |+170 Platina, tungsten, molybdena, uranium, 
| titanium, &c. . 


3. Solids and Liquids volatilizxed. 


98 ‘Ether boils 
140 Liquid ammonia boils 
145 Camphor sublimes ( Venturi) 
170 Sulphur evaporates (Kirwan) 
176 Alcohol boils, 174 (Black). 
212 Water and essential oils boil 
219 Phosphorus distils (Pelletier) 
230 Muriate of lime boils (Dalton) 
242 Nitrous acid boils 
248 Nitric acid boils 
283 White arsenic sublimes 
540 | ° Metallic arsenic sublimes 
554 Phosphorus boils 
560 | Oil of turpentine boils, about 212° (Dal.) 
570 Sulphur boils | 
590 Sulphuric acid boils (Dalton) 546 (Black) 


600 Linseed oil boils, sulphur sublimes (Davy) 
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Fahren. | Wedg. 


- 660 


Mercury boils (Dalton) 644 (Secondat) 
600 (Black) 672 (Irvine) 


4, Miscellaneous Effects of Heat. 


Greatest cold produced by Mr. Walker 

Natural cold produced at Hudson’s Bay 

Observed on the surface of the snow at 
Glasgow, 1780 

At Glasgow, 1780 

Equal parts, snow and salt 

Phosphorus burns slowly 

Vinous fermentation begins 

to 135, Animal putrefaction 

to 80, Summer heat in this climate | 


| Vinous fermentation rapid, acetous begins 


Phosphorus burns in oxygen, 104 (Gottling) 
Acetification ceases 
to 100, Animal temperature 


| Feverish heat 
Phosphorus burns vividly (Fourcroy) 148 


(Thomson) 
Albumen coagulates, 156 (Black) 
Sulphur burns slowly 
Lowest heat of ignition of iron in the dark 


‘Hydrogen burns, 1000 (Thomson) 


Charcoal burns (Thomson) 

Iron red in twilight 

Iron red in day light 

Azotic gas burns 

Enamel colours burned 

Diamond burns (M’ Kenzie) 30 W= 
5000 F. (Morveau) 


- Delft ware fired 


Working heat of plate glass 
Flint glass furnace 
Cream-coloured ware fired 
Worcester china vitrified 
Stone ware fired 

Chelsea china fired 

Derby china fired 
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Fahren. 


15897 


16007 


16807 
17327 


20577 | 


25127 


Wedg. 


114 
12] 
124 
125 


150 . 
185. 


Flint glass furnace greatest heat 
Bow china vitrified 

Plate glass greatest heat 
Smith’s forge 

Hessian crucible fused 

Greatest heat observed 


IlI.—Table of the Force of Steam at different Temperatures 


‘Fempera-~ 


ture. 


32. 


of Fahrenheit’s Scale from actual Experiment. 


(Betancourt in Prony’s Architecture Hydraulique.) 


Force in English | Tempera- Force in English 
Inches of Mercury. | ture. Inches of Mercury. 
Cele clei as @) \ F6g ucteceey Past: 9.07 
ahaa oe es 08 EPS a megatoeti re Loo 
are ie erate pea | bc amen aha Marea ©. 18? 
seas 38 198 oxen opens) OOF 
sama Katt ad PROB UN. a 23.7 
futdin e's ae 87 re ZA AS Seek ee 
Rie ki yey Lie Maa ie sea ict © ST 
ee ereves 1.74 232 etl. AOsD 
ets tl BBC PPR an dade BTe 
. . 3.16 BaD i Wate hie POD 
Me hiss A.16 DERE Het 83.0 
sie sin 6: i oie mane e DIE seta Olek 


ee 7.00 | 282 eeeoer 108. 


Fahren Fahren Fabren 
B2 . .ADOD 59 . 1064 86. 1128 
33... 1002 60 . 1066 $7.) ani al 2S 
34 . 1004 61. 1069 88 . 2128 
85 . 1007 62° . -i071 89 1130 
36 . 1009 63, .« ° L073 90 .. LisgZ 
$7 1012 64. 1075 91 . 1134 
38 . 1015 CHS Ss EGET 92 1136 
39. 1018 66 . 1080 93 1138 
AA aL SB ide te ee 94 . 1140 
Al . 1023 68. 1084 OS ee Tae: 
42 . 1025 69°": LOST 96 . 1144 
43. 1027 70 . 1089 97 . 1146 
44. 1030 71. 1091 98 . 1148 
45 . 1032 72 - 1093 99 . 1150 
46. 1034 To) moe Oe 100 5.3) J aZ 
AT . 1036 74 . 1097 110 1173 
48 . 1038 75 1099 120 . 1194 
49 .. 1040 Tippee ates 130 1215 
50 . 1043 ieee tL TOs 140 . 1235 
51 . 1045 78 1106 150 . 1255 
52... 1047 (Qivia eS 160 .... 1275 
53 . 1050 80 1110 B77 Gee 1205 
54 "4! 3052 Sr LEZ 180. 1315 
55 . 1055 82 1114 190 .. 1334 
56 . 1057 Sau. 1 200 . -1354 
57 . 1059 Sa.) 1198 210 1372 
68 . 1062 5 eas os | 21S 1876 
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IV.—Table of the Expansion of Air by Heat. 


(By Mr. Dalton.) 
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V.—Table of the Expansion of Liquids by Heat. 


Linseed | Sulphu- | Nitric 


Temp.|Mercury. Water, | 2! °f | Atconol.| 


Oil. {ric Acid } Acid. Turpen. 
32°} 100000 | 100000 |... 0... ..J... 0. cee el ee ee oP ey HRM ey .-| 100000 
40 | 100081 J.. ..2... 09752 1° 9054 Les . «sf 100539 
Oi + 100183... cake pes 100000 | 100000 | 100023 | 100000 | 101105 
60. |) 100304 J. ..4..... 100279 | 100486 | 100091 | 100460 | 101688 
710 | 100406 |....1.... 100558 | 100990 | 100197 | 100993 | 102281 
80 | 100508 |........- 100806 | 101530 | !00332 | 101471 | 102890. 
90 | 100610 |.........{ 101054 | 102088 | 100694 | 101931 | 103517 
100 | ‘00712 | 102760 | 101317 | 102620 | 100908 | 102446 | 164162 
110 | 100813 |......... 101540 | 103196 |.........1 109943 |........ 
120 | 100915 |......... 101834 | 103776 | 101404 | 103421 |...... Fi 
130s 10101 A eis xe: 102097 | 104352 }.......-. 103954 |........ 
140° | 101119 |.;........ 102320 | 105132 }.........| 103573. |.......- 
150) | 101220 |..... See. LOSB PE Ae TOQZOUT § Seaieieav ete eu eee 
160 | 101322 |u........ TOC Yo ae Takes 2 Aas ees ele en ale 
W7Orh: LOIG4 1, arse DOSING fi ceuwikbd. te OESW i ee ee 
189 | 101526 |...... Pea Ci cs: oR Se ree aad: WE BYR So 
190 | 101628 |......... (08587 20. oE Sl  ROSOET Ss ce tales ppt p 
PROOFS 1O173O Voge sels. os TOSOUD SH Be asdek «| oe bo alias 6 Wi De oh aie ak 


# 212) 101835} LOTLS0Al. Leas Se fe ak oe onl | POAT coy capes soar 


VI—Table of the Expansion of Water by Heat. 


(From Mr. Dalton’s New System of Chemical Philosophy.) 


Temperature. Expansion. Temperature. Expansion, 
12° Fahrenheit. 100236 122° Fahrenheit, | 101116 
22 100090 132°" 101367 
32 100022. 142 101638 
42 100000 152 101934 
52 100021 162 102245 
62 100083 : 172 102575 
72 100180 182 102916 
82 100312 192 103265 
92 F 100477 202 103634 
4 102 100672 212 104012 


112 100880 
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VIl.—Table of the Expansion of Solids by Heat. 


Cast 


Tein. Bismuth, 


Temp, | Platinat,| Antimon, | . Steel, Iron. 


| 329 120000 } 120000 j 120000 | 120000 | 120000 120000 
ral? 120104 | 120130 | 120147 | 120151 . 120167 


Mente vees ey [hase owas] 199488 2} 121500 \} 198571 


heat * 


— 


Copper. _ Zine, 


Cast Brass ‘ 
Brass, Wire. oe igen 


ASRS ee te | eee 


ree [ana 


32° | 120000 | 120000 | 120000 ; 120000 120000 120000 
212 120204 | 120225 j 120232 120298 120344 120355 


Hammd Zinc 8 Lead 2 Brass 2 
Zinc, Tin 1 Tin 1 Zinc 1 


. : Copper 3 
Pewter. Tint 1 


nee | ee oe mn | coe 


——— 


Lal 


32° | 120000 |; 120000 | 120000 ;{ 120000 | 120000 | 120000 
212 | 120373 120323 | 120301 120274 | 120274 | 120218 


Expansion of Glass. 


ee maneEnnREEERERERRERER AREER EET CURRIER EERE CEE a 
Temp. Bulk, Temp. Bulk, Temp. Bulk. 
32° 100000 1002 100023 167° 100056 
50 100006 «120 100033. 190 100069 
70 100014 150 100044 } 212 100083 
* Rinman. + Borda, 


} The metal, whose expansion is here given, was an alloy composed of 
three parts of copper, and one of tin, The figures in some of the pre- 
ceding columns are to be understood, in the same manner, Thus, in the 
last column but two, the metal consisted of two parts of brass, alloyed 
with one of zinc. 


YOL. Ile 2 ty 
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~VIT.—Tables, exhibiting a collective View of all the Frigo- 
vific Mixtures, contained in Mr. Walker's Publication, 


1808. 
(Communicated by Mr. Walker.) 


1.—Table, consisting of Frigorific Mixtures, having’ the 
Power of generating, or creating Cold, without the Aid of 
Ice, sufficient for all useful and philosophical Pur Pees im 
any Part of the World at any Season. 


Frigorific Mixtures without Ice. 


. Deg. of cold 
MIXTURES. - Thermometer sinks. produced, 


Muriate of ammonia... 5 parts 
Nitrate of potash...... ba 
Water ese eesesnoaesveeceneee 16 


Muriate of ammonia.. 5 parts 


Nitrate of potash...... 5 vi a se ; : 
Sulphate of soda...... 8 From + 50°%to + 4 A6 


Water....; Ba oe Pe yo 16 


Nitrate ofammonia,... 1 part 
Waterss ceccriens a eile 


Nitrate of ammonia... { part 
Carbonate of soda ... 1 


From + 50°to + 10°'|° ‘40 


From + 50° to + 4° | AB 


From + 50° to —79 | 5T 


Sulphate of soda...... 3 parts 
Diluted nitric acid.... 2 


Sulphate ofsoda...... 6 parts 


Muriate ofammonia.,. 4 
Nitrate of potash ..... 2 From + 50° to — 10° a 


Diluted nitric acid.... 4. 
Sulphate of soda .....6 6 parts 


Nitrate of ammonia... 5 
Diluted nitricacid’.... 4 


Phosphate of soda.... 9 parts 
Diluted nitric acid. 4 


From + 50° to — 3° 53 


From + 50°to— 149 |. 64 


From + 50° to — 129 62 


Phosphate of soda . 9 parts 
Nitrate of amnvonia , 6 
Diluted nitric acid.. 4 


Sulphate of soda...... 8 parts 
Muriatic acid . eeu 
Sulphate of ta sinicaais - Oparts 
Diluted sulphuric acid, 4 { 


From + 50° to ~ 21° 71 


From + 50° to 0° 50 


| 


From + 50° to + 3° AT 


N, B.—If the materials are mixed at a warmer temperature, than that 
expressed in the Table, the effect will be proportionably greater; thus, i¢ 
the most powerful of these mixtures be made, when the air is 4+ 85°, it will 
sink the thermometer to + 2°. 


\ 
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2.—Table, consisting of Frigorific Mixtures, composed of Ice, 
with chemical Salts and Acids. 


Frigorific Mixtures with Ice. 


Deg. of cold 
MIXTURES. Thermometer sinks, produced, 
Snow, or pounded ice. 2 parts t 5° A 
Muriate of soda .. ... 1 & el 
a i re fea ~ ( opennesemiemnneteaneneienmemnennnemmnmmens! 
Snow, or pounded ice. 5 parts = 
Muriate of soda £ to — 12° * 
Muriate of ammonia... Be 
Snow, or pounded ice , 24 parts 4 é 
Muriate of soda J B 18° x 
Muriate of ammonia .. ig o> 
Nitrate of potash..... A 
Snow, or pounded ice . 12 parts © . 
Muriate of soda ...... 5 Be ( to — 25° * 
Nitrate of ammonia ... 
From + 32° to — 23° 55 


Diluted sulphuric acid , 


SSTAIRTihed shnrndectewbibictanedsnarnees B. : 
abit acid From + 32° to — 27 59 


From + 32°to — 30° 62 

From + 32°to — 40° | . z 

ion £ 32° to — 30° 82 
From + 32°to - 51° 63 


N. B.—The reason for the omissions in the last column of this Table, is, 
the thermometer sinking in these mixtures to the degree mentioned in the 
preceding column, and never lower, whatever may be the temperature of 
the materials at mixing. 


9242 
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3.—Table consisting of Frigorific Mixtures selected from the 
foregoing Tables, and combined, so as to increase or extend 
Cold to the extremest Degrees. : 


Combinations of Frigorific Mixtures. 


\ 


ie | Deg. of cold 
MIXTURES. 


Thermometer sinks. | produced, 
Phosphate of soda.... 5 parts y 
Nitrate of ammonia.. 3 From 0° to —349 ‘34 


Diluted nitric acid.... 4 
3 parts 


Phosphate of soda.... 


Nitrate of ammonia .. 2 From —34° to—509 16 
Diluted mixed acids... 4 

Diluted nitric acid. 2 Prov OF A0 S06 7 
‘Baow heel trel es ... 8 parts 

Diluted sulphuric acid 3 From — 10° to— 56° 46 
Diluted nitric acid . 3 ’ 
ROARED Se CONROE Retr AAS = 

SHG WE NS vin hy Sb we sie vs 1 part } Pia PN he 

Diluted sulphuric acid. I Efom 20" tee an 
HOW! Lek ewe se ere 3 parts © tn — Ago 

Moriate of lime ...... 4 seat Regal Iona 68 
HOM urn aa vay epee ... 3 parts Otm—FAO | 
Muridte of lime ect te Eran, 10 2 ae % 
HOW. vectcg sb: oxo ears 2 parts 1 —1hO ta GRO 

Muriate of lime .... . 3 Rion See 8 
SROW ares c ter votre ees 1 part f Ou nA 

Chryst. muriate of lime 2 dite Rao Ats a uy 
BUUW ie ck ks ey tsce tect pert we ear 

Chryst. muriate of lime 3 parts ROM AO FO tS 33 
MO RU Weide owlew: -'5.< «ae alate 8 parts From+-68% tox9l0 93 


Diluted stlphuric acid, 10 


N. B.—The materials in the first column, are to be cooled, previously to 
mixing, to the temperature required, by mixtures taken from either of the 
preceding tables, 
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1X.—Table of Specific Heats, from Mr, Dalton’s New 
System of Chemical Philosophy, Part I. 


; 


Eq. | Eq. 


GASES, 
Wts, |Blks,} 
Hydrogen ...........0-0+.--. {21.40} .002 
RIED INGLE. «a eawk ees se 4.75} .006 
Common air. 3.4. 00782 1,79} .002 
Carbonic acid .......... »---| 1,65) .002 
BOUG pose sis davis ve Rab ony -79) 001 
Aqueous vapour ............ 1,55} .001 
LIQUIDS. 

WOT edie ontdatincseueine ghtan hh 1,00} £.00 

Arterial blood ... 425. .....+% 1,03 
ATH (E028)... caswitg ses 5 .98| 1.00 
Carbonate of ammon, (1.035)| .95) .98 
Carbonate of potash (1.30)..} .75| .98 
Solution of ammonia (.948)} 1.03; .98 
Common vinegar (1.02) ....| .92| .94 

Venous blood .............- 89 
Solut. of common salt (1,197)| .78} .03 
Solut. of sugar (1.17). 77) .90 
Nitric acid (1.20)..... evoked SCO ae 
Nitric acid (1,30)...... peed Ooty 288 
Nitric acid’ (1.36).-........ .63} .85 
Nitrate of lime (1.40)...... 62} .87 
Sulph. acid and water, equal p.|  .52) + .80 
Muriatic acid (1.153) ...... .60). .70 
Acetic acid (1,056 .66} .70 
Sulphuric acid (1.844) 35} 665 
Alcotiol:  (°85)-. 5... ae eek oak i ae 
Alcohol) (817) (3.0'507.0204 -T0} 57 
Sulphuric ether (.76) ...... .66} 50 
Spermaceti oil (.87)........ 02} 45 
MerCUryinc ssldbniennnarine sa.00 041.55 


SOLIDS. 


BOG bas oo tae oak 
Dried woods, and 
other yegetable 
substances, from 
AR 0.4 g50 0S: 
Quicklime 
Pit-coal 
Gharcdahisic. ow 
Chath pit i525 
Hydrat. lime. .... 
Flint glass (2.87) 
Muriate of soda.. 
Sul phurssgeoog ve: 
UIOU eo dois wren Oo 


erecscseanee eee 


e@oeereeeseene 
e@eeeeees eee wae 


Gold 


et eereeeveeren 


ERISTAUtHe eco ch oceans 


Oxides of the 
metals surpass the 
metals themselves, 
according to Craw- 
ford, — 


90? 


ee 


Eq. | Eq. 
Wis, |Blks. 
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No. III. 
T.—Table of the Solubility of Salts in Water. 


TPR scpreisiey Solubility in 100 Parts 


- Water. 
sakes At 60° At 212° 
ACIDS nae 
SA TSCDIR coletswierg ow atidgne b aah deg) HEU BOS | 
BENZOIC: jece cg Olean b's Ph: hy 0.208 | 4.17 
Boracic ...... AN rat teal Rt yeh Be Re ira Mimosa 2 Px o. 
Camprorie 0 ie. eisnisie Al te 1.04 8.3 
Ortrie 4: 6s cals CAI uidig ots 133 200 
Gallic ..5.. Peery SO eae 8.3. 66 
PPAR Gc cto lcie' gnu ce cwenssn SaoenMtiy atte 0.84 | 1.25 
Didivldemic Forse iii oY RY AEP ENE cal 
yea ec Ss ree he 50. 100. 
Suberic ....5... sina dbivlaes ne 0.69 50. 
PORCOTIANG Lacy isin ar din SmibtenG Pe 4. 50. 


Tartaric.....,..++++e++2-+++ |Verysoluble 


SALIFIABLE BASES. 


Parytee Til. ices) . alt ats te! : 5. 50. 
crystallized 000.4550. -57. | Unlimited 
EE Ie alate panty a, HON, 0.2 
Potash ..... SRE »ssee-  |Verysoluble 
DOIN cscs ss oy alain gute ; do. 
PIRCOURURTES) Va. o's meer elute aaa ae 0.6 
crystallized ,.... py 1.9 50. 


SALTS, 


Acetate of ammonia.......... |Verysoluble 


ALY PT whist ee at do. 

AV ey 9 43), 2% CaN ra aR RE do. 
Wee Tigii a ic Yel BAM aruN do. 
OLAS 4 alata 100. 

BOCA Me kev es EA salary Ms soluble 


stromtites ..6. Al ein% Horde etapa AQ, 
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Table of the Solubility of Salts in Water—Continued. 


Solubility in 100 Parts 
Water. 
At 60° At 212° » 


NAMES OF SALTS. 


SALTS. | _—_ 
Carbonate of ammonia ...... | +30, - 100. 
barytes .......-. | Insoluble 
LIME 0:0 base she 'e's do. 
magnesia... ye 
[sent ey Pa oe 25. 83. 
SOUR 60 a d-e ehete'e%s'e 50. + 100. . 
strontites ...... Insoluble ty ay 
Camphorate of ammonia...... | je S349 
barytes:....%.. 0.16 . 
TAG. dies 1% 0.5 
| wotash de. inesk O35; + 33, 
Citrate of sodas ii... dice sece 60. 
BNE ox Sore ard'ene 4 1's to Insoluble 
Hyper-oxymuriate of barytes.. 25. + 25, 
mercury. Doe ee 
potash .. bens 40. _ 
soda... 35. + 35. + 
Muriate of ammonia ......... | 33. 100. 
FDAFytes\ 25 4. cases 20. + 20. . 
lead S04 wa ce ehAN4E 2 4,5 
HME hs sats GANA 200. 
Magnesia ...s%ee ee 100. ) 
MEYCUTY .. ss everee 7a 50. 
potash: >. 2.60.8 56> 
SUVOL (yeas Ment 0.15 
SOCAAS og on 0 eta te chek 3542 . 86.16 
StrOMeHtes (2... 8 5 150. Unlimited 
Nitrate of ammonia.........; 50, 200. 
Daryteg 0.4. st4% ; 8. 25. 
lime... .. suet 400. . 
MAQNESIA ». 6's wee cs 100... | + 100. 
potas 0/2 aS 14.25 © 100. 
Solara unee. soa ses 33. °.|+ 100. 
strontitesysiep seas vee 100. 200. 
: Oxalate of strontites. ..4.< ss. 6s 0.415 
Phosphate of ammonia ...,.. 25. + 25. 
DAV tie eine estan 0. 0. 
FONE Pe Cscela ie ats) ste 0. 


MAGNESIA eevee 6.6 
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Table of the Solubility of Salts in Water-—Continued. 


NAMES OF SALTS. | | me reme in 100 Parts 
; ater. 
— ————| At 60° At. 193 
SALTS. eee 
eae of potash ........ |Verysoluble 
OCMC S T'S wae en 25. 50. 
strontites ...... 0. 0. 
Phosphite of ammonia........ | 50. + 50. 
DATHIES A's oe) s.ciny O42. 
potash ........6. 33) + 33. 
Sulphate of ammonia ........ 50. 100. 
DAL YEOS A Vie e do sine 0.002 | _ 
COPPEr sees eee ee |. 26. 50. 
ALOR Aisi c dos. cs aococs 50.: + 100. 
ORC shies ods ace 90's igh: 
Pees ree daa dee Faas. Fy 0.22 
Magnesia ........ 100, 133. 
POtASHy . 2 2. as watals 6.25 ‘in 208 
SOUR n ya's satan 37. 125. 
strontites . ee ei On. 38 Sle 0.02 
Sulphite of ammonia ........ 100. | 
US eit. Cia de ie ins . 0.125 
PRA COREE Sey nee db. 
potash AS peer: 100. . 
SOE Fineharss 6 wataiws 25. 100. 
Saccholactate of potash ...... | > 12. 
BNC aaa 8 i604 wety 20. 
vara, eae of soda (borax).. ie ore 16.8 
Super-sulphate of alumine and | 
potash (alum): gis. oc. o ey. pe 133. 
potash .... 50. . + 100. 
Super-oxalate of potash ...... 10. - 
tartrate of potash ...... 1.2 | je 
| Tartrate of potash ...... Shas 25. 
and soda .. | 20. 


antimony and potash © 66. ons 33, 


SOLUBILITY OF SALTS IN ALCOHOL. . ee 


II.—Table of ‘copnaannds soluble in Alcohol. 


Tempera- |100 Parts Al-| 
ture. cohol dissolve. 


NAMES OF SUBSTANCES. 


Acetate of copper ...eeeeseeee 176° 7.5 
SOU EER a Odeon 176" 46. 
Arsenate of potash ............ do. “Pe GF 
SOMA DT yn, ssa stolons de do. isd 
Bovagic Reith 4 sahil ves «0 ths do. 20. 
Catiphor cep Fel is oss pe aye do. 15. 
Muriate of ammonia .......... do.» a 
GUUAboae « ets v he 541°.) 100. 
evppem yon Sale PPG 1OU; 
SOU A Las ee ake 176° 100. 
Lie cake) hic Ghtalb do. 100. 
ahionesa yw... 6. do. 547. 
MEYCULY ..eeeeeeee 838.3 
CATE REARS ia TREE TES 542° | 100. 
Nitrate of ammonia .......... 176° 89.2 
eine os Sey vie sled 541° | 100, 
CODALE, gatas, oc allele le ale’ dete 541° | 100. 
dames Sa eoiqide seis fold 125. 
PPOUESIE ies, 2 on se 4isisues 176° 2.9 
BEVEL sais ¢ «tesco «lard do. 41.7 
SSACCINIG ALI ysis OL a ete Pete es do. 74. 
Srioar, relied ese ros a ea ee do. 941, 
 Super-oxalate of potash ........ 3. 
Tartrate of potash ............ 0.04 


OTHER SUBSTANCES SOLUBLE 1N ALCOHOL.— All the acids, 
except the sulphuric, nitric, and oxymuriatic, which decom- 
pose it, and the phosphoric and metallic acids.—Potash, 
soda, and ammonia, very soluble. Soaps; extract; tan; 
volatile oils; adipocire; resins; urea. Nv 

SUBSTANCES INSOLUBLE, OR VERY SPARINGLY SOLUBLE, 
IN ALCOHOL.—Earths; phosphoric and metallic acids; 
almost all sulphates and carbonates; the nitrates of lead 
and mercury; the muriates of lead, silver, and soda (the 
last; per Chenevix, sparingly soluble); the subborate of 
soda; the tartrate of soda and potash, and super-tartrate 
of potash; fixed oils; wax; starch; gum; caoutchouc; 
woody fibre; gelatine; albumen, and gluten. 
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1I.—Dr. Wollaston’s Numerical Table of. Chemical 


APPENDIX. 


E quivalents. 


N, B.— Br. Wollaston’s numbers répresent the weights of thé atoms of 


bodies, oxygen being taken as unity. To reduce them to Mr. Dalton’s, 
multiply by 7 and divide by 105 and to reduce them to the standard adopted 
in this Work, multiply by 7.5, and divide by 10. 


Db yalro gens sy acic Spike ia es 1.32 
Sy IRV TON. oe, sees « eetec 10.00 
Ra NVALCY s Ande Rd eeelaeia te > i132 
4, Carbon .......... Y eeey 1.54 
5, Carbonic acid (+ 20 oxy- 
WET) |. du nbciees toate wie s 27.54 
GO. Sul phar. indies sanes.e 4 20.60 
7, Sulphuric acid 30 oxy- 
SOUpi. 5-25 Te ee sls . 50.60 
8. Phosphorus....-..+-..-. 17.40 
9. Phosphoric acid (+ 20 
hit. GUY EEN): . sibiel ate se 37.40 
10, Azoteor Nitrogen ...... 17,54 
41. Nitricacid(+ 500xygen) 67.54 
12, Muriatic acid dry....... 34,10 
13, Oxymuriatic acid (+ 10 
oxygen A410 
14, ClHorine AA. 10 + 1. 32 hy, 
== muriatic acid gas . 45.42 
15, Oxalicacid ......escee0 47.0 
16, Ammonia js. .0-ss0++..3 21.5 
£7, Sodan. si.  ecce este nie was 39.1 
18. Sodium (— 10 oxygen) .. 29.1 
£9, Potashe ss ci ioetece seh 59.1 
20. Potassium (— 10 oxygen) 49.1 
21. Magnesia ...........--- 24.6 
22. Lime... SN sal frais a ten cia Ne 35.46 
23. Calcium (— 10 ae 25,46 
24, Strontites 2.662 oe ee see 69.00 
2 SAU VAS 0 c)5 ss \saean'e en vet 97.00 
DE ATOM « f\5 sie s os oe ope cine mine 34,50 
Biack oxide (+ 10 oxy- 
BOI, 3c s0'e sew eehttepinnic 44.50 
Red aie (+ l5oxygen) 49.50 
PH ay 2 rn eee 40.00 
Black son +10 onyett) 50.00 
28. Zinc.. 41.00 
Oxide ( + 10 oxygen)... 51 00 
29. Mercury... ceeee 125.50: 
Red oxide i A 10 oxygen). 135.50 
Black oxide (+ 125.5 / 
MEFCULY) «6-2 2ehee oe 261.00 
SU. ROA > conan eaveetin «pene 129.50 
Litharge (+ 10 oxygen)... 139.50 
SB). Silver Adb5.. 6 shag. ob foaled 135.00 
Oxide (+ 10 oxygen).... 145.00 
82, Sub-carbonateofammonia 49.00 
Bi-carbonate (+ 27.5 car- 
bonicacid; .......... 76.50 
43, Sub-carbonate ofsoda.... 66,60 |. 


. 


. Sub-carbonate of potash ,, 
. Carbonate of lime 


. Sulphuric acid dr 
. Do. s.g. he MN ae 


. Sulphate of potash 
. Sulphate of magnesia iy 74.60 


. Sulphate of lime dry.. 


SO NMMG REI Ory Cyc. fs vas 


ence ee 
. 


. Muriate of ammonia. .. 


. Muriate ar iime a iitatan tare 


_——————— mercury 
. Sub-muriate of do. (1 acid 


. Phosphate of lead....... 
. Oxalate of lead .... 
. Bin-oxalate of potash. ... 


Bi-carbonate( +27.5C.A. 

+ 11.3 water)........ 105.50 
86.00 
Bi-carbonate( + 27.5 CLA 

+ 11.3 water)........ 
63.00 


—— lead 


Water)... cadaeess us 
Sul phate of’ dbita. Gi 10 
waters = 113.2 


@oesee 


sews ae 109.10 
Do. Crystallized (+ 7 
waters == 79.3) ...... 
Crystallized (4 2 waters 
aes BRM ok. hare 
Sulphate of strontites.... 
barytes ..... 147.00 
copper (lacid — 
+ boxide + 5water). 156.60 
iron(7 water) 173.80 
zine (do.).. 180.20. 
lead .. . 189.50 


Do. s.g. 1.50 (+ 2 water 
=x 22,64) 31. 


eoepeese cee 


103.00 


—lead..... ts 207.00 
~—— soda. . .'..)) ok a9 
—__-—- potash . so bi pel 
Oxymuriate of do. (+ 60 

oxygen) . 


eoenegceereare 


esereeeee 


i 


@eeroe 


+ loxygen + 2 merc.) 296.10 
176.90 
eis od BOLO 
153.00 


TABLE OF CHEMICAL EQUIVALENTS. 523 


The following are the data on which the above Table is 
‘founded :—- | 

1, 2, 3. The specific gravities of oxygen and hydrogen 
gases are taken on the authority of Biot and Arago; and 
their proportions in water at 88.286 to 11.714, which num- 
bers are in the ratio of 10 to 1.327. | 

4, 5. The specific gravities of oxygen and carbonic acid 
gases are 1.1036 to 1.5196, or as 20 (= 2 oxygen) to 27.54; 
and deducting the oxygen, we obtain 7.54 for the equiva- 
lent of carbon. : 

6. The equivalent of sulphur is inferred from Berzelius’s 
analysis of galena, which makes the lead bear to the sulphur 
the proportion of 86.64 to 13.36, or of 129.5 to 20. 

_ 7 From the analysis of sulphate of barytes by Klap- 
roth, the sulphuric acid is to the barytes as 34 to 66, or 
as 50 to 97. Deducting 30 of oxygen, we again obtain 20 
for the equivalent of Ss ipitiy, 

8, 9. In phosphate of lead, according to Benes the 

litharge is to the acid as 389.56 to 100, or as 159.5 to 37.43 
and deducts from this last number 20 oxygen, we have 
17.4 for the equivalent of phosphorus. ‘The same number 
is deducible, also, from Rose’s experiments on phosphoric 
acid. 
10. To obtain the equivalent of azote, ammonia is as- 
sumed to consist of 1 volume of azote, and 3 of hydrogen. 
And.as the specific gravity of hydrogen was found by Bict 
and Arago to be to that of azote as .07321 to .96913, these 
numbers will be in the proportion of 1.327 to 17.54; and 
1.327 x 3 = 3.98 added to 17.54, the equivalent of azote, 
gives 21.52 for the equivalent of ammonia. 

11. The equivalent of nitric acid is deduced from Rich- 
ter’s analysis of nitrate of potash*, which makes the pot-— 
ash to the acid as 46.7 to 53.3, or as 59.1 to 67.453 
from which if we subtract one portion of azgte 17.54, 
there remain 49.91, so nearly 5 portions of oxygen, that 


* 2 Mém. d’Arcueil. 59. 
pi 
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we may assume 17.54+50, or 67.54, to be ie arbi 
correct. 

12. By dissolving 63 parts of carbonate of lime in mu- 
riatic acid, and evaporating to perfect dryness, we obtain 
69.56 of muriate of lime; and deducting the weight of the 
lime, 35.46, welearn, by means of the difference 34.1, the 
equivalent of dry muriatic acid. Or, if we choose.to con- 
sider the dry salt as a compound of calcium and chlorine, 
we must transfer the weight of 10 oxygen to the muriatic 
acid, making 44.1 of oxymuriatic acid combined ee 25.46 
calcium. 

15. In oxalate of lead, according to Beeshue 296.6 of 
litharge are united with 100 oxalic acid, which are in the 
proportion of 139.5 to 47 oxalic acid. A result almost. 
exactly the same was obtained by Dr. Wollaston from the 
analysis of binoxalate of potash. 

17,.18. The equivalent of soda is inferred from the ana- 
lysis of common salt, in which the muriatic acid is to the 
soda as 100 to 114.78, or as 34.1 to 39.1. The equivalent 
- of sodium is obtained by cana: 10 of oxygen, and 

is 29.1. 

19, 20. In muriate of potash, the acid is to the alkali as” 


“. 100 to 173.47, or as 34.1 to 59.1, from which last number, 


if we deduct 10 the equivalent of oxygen, we obtain 49.1 for 
the equivalent of potassium. 

21. The equivalent of magnesia is inferred from the com- 
position of the sulphate, viz. 67 acid to 33 base; for as 
67 to 33, so is 50 to 24.6. 

22. ‘The equivalent of lime is deduced from the carbonate 
of lime, in which the acid is to the earth as 43.7 to 56.3, 
or as 27.54 to 35.46 ; from which last number, deducting 10 
oxygen, we have 25,46 for the equivalent of calcium. 

24. In sulphate of strontites, the acid is to the earth as 
42 to 58, or as 50 to 69. 

25. In sulphate of barytes $4 acid are united with 66 - 
earth, which is in the proportion of 50 to 97. 

26. In black oxide of iron, the oxygen is to the metal as 
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22.5 to 77.5, or as 10 to 34.5, to which, adding 10 oxygen, 
we have 44.5 for the equivalent of the oxide of iron, 

27. Black oxide of copper contains 20 oxygen to 100 
metal, which gives 50 for the equivalent of oxide of cop- 
per, and 40 for that of the metal. 

28. In oxide of zinc, the oxygen is to the metal as 24. 41 
to 100, or as 10 to 41, to which last number, adding 10. 
oxygen, we have 51 for the equivalent of oxide of zinc. 

29. In red oxide of Mercury, the oxygen is to the metal 
as 8 to 100, or as 10 to 125. But as other statements differ 
a little from this, 125.5 may be taken as a mean; and add- 
ing 10 oxygen, 135.5 will denote the red oxide. 

30. In carbonate of lead, the acid is to the oxide as 16.5 
to 83.5, or as 27.54 to 139.5, the equivalent of litharge ; 
from which, deducting 10 oxygen, we have 129.5 for the 
equivalent of lead. 

31. In muriate of silver, the acid is to the oxide of silver 
as 19.05 te 80.95, or as 34.1 to 145, the equivalent of the 
oxide, from which, if we take 10 oxygen, we have 135 the 
equivalent of silver. If we consider horn silver as a com- 
pound of 24.5 chlorine and 75.5 silver, the equivalent of 
silver will be 136; for 24.5 : 75.5 :: 44,1 : 136. 

32. The subcarbonate of ammonia consists of acid and 
alkali, according to Gay Lussac, in the proportion of 56.02 
to 43.98 or of 27.54 to. 21.6 which, therefore, again proves 
to be the equivalent of ammonia. The two last numbers 
added together, give 49 for the eb of the subcar- 
bonate. 

33. In subcarbonate of soda, the acid is to the alkali as 
41.24 to 58.76, or as 27.54 to 39.1; and the two last 
numbers, added together, express the equivalents of the 
Jey at 

. The proportion of the elements of carbonate of 
pies is 43.7 acid to 56.3 base, or 27.54 to 35.46; and con- 
- sequently carbonate of lime must be represented by those 
two numbers added together, viz. 63. 

36. In carbonate of barytes, the acid is to the earth as 
100 to 352.57, or as 27.54 to 97, which two numbers, added. 

: 3 
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together, 124.50, express the equivalent of carbonate of 
barytes. 

37. The ohare of carbonate of lead is obtained by 
adding together those of oxide of lead and of carbonie 
acid (see 30). 

48, 39. For the determination of the equivalent of sale 
phuric acid see No. 7. 

The remaining numbers, expressing the ‘equivalents of 
compound bodies, are obtained by adding together. the 
equivalents of their components. Thus the equivalent of 
muriate of potash 93.2 is obtained by adding together the 
equivalents of muriatic acid 34.1 and of potash 59.1. 


1V.—Talle of Incompatible Salts.* 


SALTS. INCOMPATIBLE WITH 
1. Fixed alkaline sul- ( Nitrates of lime and magnesia, 
SALES ie a! «fete 9 a Muriates of lime and magnesia. 
r Alkalis, 


2. Sulphate of lime...4 Carbonate of magnesia, 
! '  \ Muriate of barytes. 
Alkalis, 
Muriate of barytes, 
Nitrate, muriate, carbonate of ae 
Carbonate of magnesia. 
coy Alkalis, 7 
4, Sulphate ofmagnesia 1 Muriate of barytes, 
| Nitrate and muriate of lime. 
Alkalis, = 
§. Sulphate ofiron...+ Muriate of barytes, 
Earthy carbonates. . 


3. Atalgs! PR eas ve 


Be Pare a Sulphates, 
6. Muriate of barytes | Alktine carbonates, 
Earthy carbonates. . 
Sulphates, except of lime, 
7. Muriate of lime... | Alkan carbonates, _ 

; Carbonate of magnesia. | 
Alkaline carbonates, 
Alkaline sulphates. 

{carbon carbonates, 


8. Muriate of magnesia 


Carbenates of magnesia & alumine. 


9. Nitrate of lime.. 
} Sulphates, except of lime. 


/ 


* That is, salts which cannot exist together in solution, without 
mutual decomposition. 
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No. IV. 


Colour of the Precipitates thrown down from Metallic 
Solutions, by various Re-agents. 


Water im- 


Metals. Prussiated Tincture of pres Hydro- 


Alkalis. Galls. Sulphurets. 


phuretted 
Hydrogen. 


ee SE 


Solution tur- 


eat ned green. 
Senet {Precipitate [Yellow [Yellow 


brown of re- 


duced gold 
No precip. ; 
but an hia ores Precipi- 
orange CO-| 1.66 febter: tated in a 
loured one TERS 5: metallic 
by pruss. }. P#'° state 
of mercury 


ecg ee | OE PRE REREEERESE | a eR | 


| White 
changing to 
yellow. 


Olive *, 
Deep 
orange f. 


Orange yel- |p), 4. Brownish 
low ' 


Dark Dark 


brown brown 


No precip. | No precip 
No precipi- 
No precipi-| tate. Co- 
tate. Colour; lour of so- 
discharged | lutions dis- 
charged. 


Purple, 
changing to 
deep vivid 
blue 


* Chenevix. + Wollaston. 


oY 
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Colour é Precipitates from Metallic Solutions, Seo— 
Continued. 


Water im- 


Metals. i apes Tincture of Bpegnatee 
Bie phuretted 
Hydrogen. 


{Bright red- 
dish brown 


Copper 


White, N 
ies Green salts| changing o preci- 
Tron pitate. 
to blue. : 
Black. 


2. Red salts |Deep blue 


{Green 


Nickel 


. 
PRI Os remem [ee rn | REESE | OPT RETET EERE 


ve Yellow Yellow 


Brownish Yellowish! Not pre- 
cat | white | cipitated Es 


) Not pre- Whit 
halpatata cipitated 
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Colour of Precipitates from Metallic Solutions, Sc.— 


Continued. 


Water im- 


Prussiated |Tincture of prospec Hydro- 


Metals. : ie 
See Alkalis. Galls. phuretted Sulphurets. 
Hydrogen. | - 
Molybdena {Brown wae? , [Brown 
tiene Brownish Chace Brownish 
red yellow 
Tungsten 
Grassgreen, Reddish : | Not pre- |Grass 
Titanium with a tinge nat ie q j 
Ne ad rown | cipitated|- green 
Columbium Olive Orange Chocolate 
Tantalium 
| Brown, 
Cerium pe becoming 
deep green 
x 
VOL. Il. ou 


ou 
Go 
S 
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No. VI. 


Table of Simple Affinity *.° 


OXYGEN. OXYGEN}. | NITROGEN. |Arsenic 
| Molybdena 
Carbon Titanium Sweet . 
Charcoal | Manganese |Sulphur? rae 
Manganese {Zinc Phosphorus ) | 
Zinc | Iron Hydrogen  |PoTASH, SODA,} © 
Iron *. lin | AND AMMONIA. 
Tin Uranium me) 
Antimony Molybdena satt) (Acids. ) 
| Hydrogen Tungsten | BYDROGEN: | Sulphuric 
Phosphorus — |Cobalt O Nitric 
Sulphur | Antimony S rl on Muriatic 
Arsenic Nickel Ca anon Phosphoric 
Nitrogen Arsenic {Carbon Fluoric 
en i | . Phosphorus ; 
Nickel Chrome Nit P Oxalic 
Cobalt Bismuth par 55 Tartaric 
Copper Lead ____|..Arsenie¢ 
Bismuth Copper Succinic 
Caloric? Tellurium SULPHUR. Citric 
Mercury Platina PHOSPHORUS ?} Lactic 
Silver Mercury Benzoic 
Arsenous acid |Silver Potash . Sulphurous 
Nitric oxide /|Gold Soda Acetic 4 
Gold if Iron Mucic 
Platina —--|Copper ‘Boracic 
Carbonic oxide Tin Nitrous 
Muriatic acid CARBON. |Lead Carbonic 
White oxide of Silver Prussic 
manganese jOxygen Bismuth Oil 
White oxide of |[ron Antimony | Water 
lead Hydrogen |Mercury Sulphur 


* This table, it may be necessary to observe, does not express accu- 
rately the comparative affinities of bodies, but denotes merely the actual 
order of decomposition, which, as Berthollet has shown, may often be con- 
trary to that of affinity, owing ‘to the influence of various extraneous 
forces. 

+ Vauquelin’s table of the affinity of the metals for oxygen, according 
to the difculty with which their oxides are decomposed by heat. ° 
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BARYTES. |Acids. MAGNESIA,. | Acids. 
Muriatic Citric 
Acids. ° Suceinic | Acids. Phosphoric 
Sulphuric | Acetic Oxalic =| Lactic 
-Oxalic } Arsenic Phosphoric} Benzoic 
Succinic Boracic Sulphuric Acetic 
Fluoric ‘Carbonic | Fluoric » Boracic. 
Phosphoric | Water Arsenic Sulphurous 
Mucic Mucic Nitrous 
~ Nitric ——__——--| Succinic Carbonic 
Muriatic Nitric Prussic. 
Suberic LIME. _ Muriatic 
Citric ital Tartaric 
Tartaric {decid ~ ‘Citric : 
Arsenic | Oxalic ~ | Malic? SILEX. 
~ Lactic Sulphuric | Lactic 
Benzoic Tartaric Benzoic __|Fluoric acid 
Acetic Succinic Acetic Potash 
Boracic Phosphoric} Boracic 
Sulphurous} Mucic Sulphurous — 
Nitrous Nitric Nitrous | 
_ Carbonic Muriatic Carbonic |oxX-oFPLATINA. 
| Prussic Suberic Prussic GOLD *, 
Sulphur ¥luoric Sulphur ~ 
Phosphorus Arsenic Gallic acid 
| Water Lactic § |—————--—|Muriatic 
Fixed Oils Citric Nitric 
Malic ALUMINE. {Sulphuric 
--—| Benzoic Arsenic 
Acetic Acids. Fluoric 
STRONTITES. | Boracic Sulphuric |Tartaric 
: Sulphurous| Nitric _ _ |Phosphoric 
Acids. _ Nitrous Muriatic {|Oxalic 
Sulphuric | Carbonic Oxalic Citric 
Phosphoric} Prussic Arsenic _ {Acetic 
Oxalic Sulphur Fluoric Succinic 
Tartaric Phosphorus Tartaric | Prussic 
Fluoric Water Succinic {Carbonic 
Nitric Fixed oil ~ Mucic Ammonia - 


* Omitting the oxalic, eitric, succinic, and carbonic, and yt sul- 


phuretted hydrogen after ammonia. 
2M2 
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Table of Simple Affinity—Continued. 


[OXIDE OF siL-|Fluoric Oxalic Water 
VER. Acetic Tartaric 
Benzoic Muriatic - - 
Gallic acid | Boracic {Sulphuric 
Muriatic Prussic Mucic OXIDEOFIRON. 
Oxalic Carbonic Nitric 
Sulphuric Arsenic Gallic 
Mucic Phosphoric |Oxalic 
Phosphorf€- loy;pporzeap.succmic ——|Tartaric 
Sulphurous Fluoric Camphoric 
Nitric Gallic Citric Sulphuric 
Arsenic Sulphuric Lactic Mucic 
Fluoric Mice Acetic Muriatic 
Tartaric eras Boracic Nitric 
Citric A tugs Prussic Phosphoric 
Lactic eae Carbonic Arsenic 
Succinic Phosphoric Fixed alkalis |Fluoric 
Acetic Ventana Ammonia Succinic 
Prussic Sulphurous Fixed oils Citric 
Carbonic Hebets Lactic 
Ammonia \Nitric ~—|A cetic 
Fluoric Boracic 
anaamenereresricemnn | Ort te ts OXIDE OF AR- Prussic 
ss Malic SENIC. Carbonic 
OXIDE OF MER- Succinic ; 
CURY. A aie Gallic ——— 
; Acari Muriatic — mn ae 
Gallic acid Benenie Oxalic OXIDE OF TIN*. 
Muriatic Borseis Sulphuric ' 
Oxalic Pracee Nitric Gallic 
Succinic Cerne Tartaric Muriatic 
Arsenic Rixed alle Phosphoric |Sulphuric 
Phosphoric [Aymonia __ | luoric Oxalic © 
Sulphuric Succinic Tartaric 
Mucic Citric Arsenic 
Tartaric Acetic Phosphoric 
Citric OXIDE OF cor-|Prussic Nitric 
Malic PER, Fixed alkalis |Succinic 
Sulphurous Ammonia Fluoric 
Nitric Gallic Fixed oils = |Mucic 


* Bergman places the tartaric before the muriatic. 
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Benzoic | SULPHUROUS |PHOSPHOROUS 

Oxalic ACID. ACID.. _ 

Sulphuric SUCCINICT. |Lime 

Nitric _ |Barytes 

Tartaric. Barytes Strontites 

Mucic Lime Potash 

F hosphoric Potash. Soda 

Citric Soda Ammonia 
OXIDE OF ZINC.|/Succinic Strontites Glucine 

Fluoric Magnesia Alumine 

Arsenic _ {Ammonia | Ziton 

Lactic Glucine Metallicoxides 

Acetic Alumine 

Boracic Zircon ST my ora 

Prussic Metallic oxides NITRIC. ACID: 

Fixed alkalis -lwrurd aTic—§. 

Ammonia 


~ |Barytes 


Potash 
Soda 
-|Strontites 
Lime 
Magnesia 
Barytes Strontites Ammonia 


Strontites Lime Glucine 
jrereean Alumine 


Zircon 
Soda Metallic oxides 


PHOSPHORIC 
ACID. 


ULPH 
SULEAUEIC CARBONIC {. 


ACID. 


: ae 
PRUSSIC *. Barytes 


Ammonia 
M agnesia Magnesia 
Ammonia Glucine 


Bao ES Glucine Alumine 
Nae Yttria . Zircon 
7 Alumine Metallicoxides 
Gallic Zircon Silex 
Muriatic Metallic oxides 


FLUORIC ACID. 
BORACIC —-|| 
ARSENIC ——] — 


* With the omission of all after ammonia. 

+ Ammonia should come before magnesia; and “pig glucine, and 
zircon, should be omitted. 

{ Magnesia should stand above ee and alumina and silica 
should be omitted. 

§ Ammonia should stand above magnesia. 

|| Silex should be omitted, and instead of it, water and alcohol be 
inserted. 

q Except silex. 


534 - APPENDIX. 


Table of Simple Affinity —Continued.. 


{Soda OXALIC AcID.|Magnesia. | oxides 
Ammonia | Tartarrc— |Alumine Alumine’ 
Glucine CITRIC—t. 
Alumine 
Zircon Lime ALCOHOL. 
Silex 3 |Barytes CAMPHORIC | W7ator 
Strontites ACID. Eth 
Macnesia : SF. 
§ Lime Volatile oil 
| Potash 
pasar Potash. |Alkaline  sul- 
ACETIC ACID. |Soda 
| * Ley Soda phurets 
LACTIC Ammonia B 
1 : arytes 
SUBERIC Alumine Fo ascanben ps 
. Metallic oxides Alaina Penn tae 
Barytes Water ; e 
Preach igtdohat Magnesia RETTTED 
HYDROGEN. 
Soda ary 
Strontites — Barytes 
Lime | regia Potash 
Ammonia BENZOIC ACID. * |Soda 
Magnesia Lime Lime 
Metallicoxides| White oxide Barytes Ammonia 
Glucine of arsenic |Potash Magnesia 
| Alamine Potash Soda Zircon. 


* With the omission of strontites, metallic oxides, glucine, and zircon 
+ Zircon after alumine. 
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GENERAL INDEX. 


A, 
Acéiate of alumine, ii. 280 


- 


ammonia, ii. 279 

barytes, ii. 279, 395 

copper, ii. 103, 276, 281, 
AT3 

iron, ii. 117 

lead, ii. 137, 138, 280, 
281, 393, A472 

lime, ii. 279 

magnesia, ii. 280 

manganese, ii. 280, 281 

nickel, ii. 281 

potash, ii, 276, 278, 465 

silver, ii, 281, 392 

soda, ii. 278 

strontites, ii. 280 

tin, fi5 129 

zinc, ii. 1A1, 280, 281 


Acetic acid, it. 273 


modes of obtaining, ii. 
276, 277 

analysis of, it, 278 

specific gravity no test 
of its strength, ti. 
276; 277 

properties of, ii, 277 

mode of ascertaining the 
purity of, ii. 459 


Acetous acid, ii, 273 


obtained from wood, ti. 
275 
mode of ascertaining the 
purity of, ii. 460) 


_ Acids, general properties “of, i. 265 


-homenciature of 


most contain oxygen, “is 266 

but some produced by hydro- 
gen, i. 266 

terminology of, i. 266 

supporters of combustion, i. 
267, 270 


water an essential element 


of, i, 267 

law respecting their satura- 
tion by bases, i, 269 

the com- 


Acid, 


pounds of wmuriatic and 
oxymuriatic, i. 418 
metals oxidized by, ii, 41 
native vegetable enumerated, 
ii, 198 
specific gravity not always a 
test of the strength of, ii. 
217 
found .in animal oncrs 
ii, 305 
tests of, ii, 401 
acetic, ii, 273, 459 
acetous, ii, 273, 460 
amniotic, ii. 307 
antimonic, ii, 148 © 
antimonious, ii, 148 
arsenic, ii. 156 
arsenous, ii. 155 
benzoic, ii. 211, 461 
boletic, ii. 213 
boracic, ii. 15, 460 
camphoric, ii, 219 
carbonic, i. 278 
chloriodic, ii. 30 
chromic, ii. 167 
citric, ii. 199 
columbic, ii, 176 
ferro-prussic, ii. 313, 314 
ferruretted chyazic, ii. 313, 
314 
fluoboric, ii. 22 
fluoric, ii. 19 
subsilicated, ii, 19 
formic, ii. 315. 
gallic, ii, 203 
hydriodic, ii. 26, 27 
hydro-fiuoric, ii. 20 
hydro-nitric, i. 364, 366 
hydroionic, ii. 26, OT 
hydrothionic, i, 346 
iodic, ii. 29, 32 
laccic, il. 212 
lactic, ii, 307, 341 
lithic, ii. 306 
malic, ii. 205 
mellitic, ii. 251 


~ 


INDEX. 


Acid, molybdic, ii. 169 
molybdous, ii. 170 
moroxylic, ti. 212 
> mucous, ii. 308 
‘ muriatic, i, 397, 399, 405 ; 3 li. 
459 
murio-sulphuric, i. 435 
new vegetable, ii. 214 
nitric, i. 359, 362 ; ii. 23, 388, 
401, 458 
nitro-muriatic, i. 435 
' nitro-sulphuric, ii. 81 
nitrous, i. 3815 ii. 388, 459 
oxalic, ii. 193, 212, 388 
oxyiodic, ii. 32 
oxymuriatic. See Chlorine 
oxy-nifric, i. 361 
phosphoric, ii, 4, 212 
phosphorous, ii. 8 
prussic, ii. 213, 310 
pyroligneous, ii, 208, 229 
pyromucous, ii. 208 
pyro-tartaric, ii, 208 
rosacic, ii, 307, 358 
saccholactic, ii, 308 
sebacic, ii. 309, 310 
stibic, ii, 148 
stibious, ii. 148 
suberic, ii, 245 
succinic, ii, 221, 460 
sulphuric, i. 316, 336, 337; 
ii. 23, 109, 387, 457, 458 
sulphurous, i. 323 
sulphuretted chyazic, ii 314 
tartaric, ii. 206, 460 
telluric, ii. 151 
tungstic, iit. 172, 173 
tric, ii. 306, 359, 361 
zoonic, ii, 315 
Adinocire, ii, 304 
Adopter, i. 7, 438 
Aeriform bodies. 
Affinity, chemical, 
Affinity. 
of aggregation, i. 15 
elective, i. 38, 62, 63 
resulting, i, 47 
elementary, i. 47 
disposing, i. 48, 
complex, i. 54 
quiescent, i. 55 
divellent, i. 55 
simple, table of, ii, 530—34 
Agriculture, application of che- 
mistry to, i, Xxxi. 5 it, 48% 
dir, expansion of, by heat, ii, 512. 
Albumen, properties of, ii. 288 
tests of, ii. 28992 


See Gases’ 
See Chemical 


not chemically altered by 


heat, ii. 289 


Albumen, cause of the coagulation - 
of, ii. 291, 292 
Alcohol, preparation of, ii. 257, 259 
not produced by distilla- 
tion, ii. 257 
quantity contained in dif- 
ferent liquors, ii. 259 
properties of, ii. 260—264 
mixtures of water with, 
ii, 261 
combustion of, ii. 261, 264 
expansion of, ti. 262 
substances soluble in, ii. 263 
solubility of salts in, ii. 
263, 264 
analysis of, ii, 264, 265 
composition of, ii. 265, 266 
action of acids on, ii. 266 
use of, as a test, ii, 401 
mode of ascertaining its 
purity, ii, 474 
and water, specific gravity 
of different mixtures of, 
ii. 261, 
solubility of substances in, 
ii. 52k 
substances insoluble in, ii. 
521 : 
of sulphur, i. 354, 
sul phurized, i, 314 
Alembic, i. 6, 437 
Algaroth, powder of, ii. 150 
Alkali, silicated, i. 256 
volatile. See Ammonia. 
Alkalis, properties of, i. 206 
analysis of the fixed, i. 210 
Gobatiies |: 229, 
232, 234 
action of,on metals, ii. 47,143 
use of, as tests, ii, 389 
tests of, ii. 402 
Alloys, ii. 60 
apt to separate when in fue 
sion, ii. 60 
terminology of, ii. 60 
qualities of the metals al- 
tered in, ii. 61, 70 
Alum, i. 336 
‘component parts of, i. 337, 338 
mode of ascertaining the 
purity of, ii, 467 
Alumine, attempt to decompose, i. 
244, 259 
wcihc of obtaining, i, 257 
its properties, i, 258 
hydrate of, i. 258 
carbonate of, i. 304 
sul phate of; i, 336 
- tests of, ii, 
A402 


IND EX. 


Alumine, sul phite of, i, 343 
nitrate of, i, 394 
muriate of, i, 428 
acetate of, ii. 280 
tests of salts of, ii. 402 
Alumium, i, 259 
Amalgans, ii, 86, See Mercury. 
Amber, ii, 221, 247 
acid of. See Succinic Acid, 
Ambergris, ii, 302 
mmonia, preparation and quali- 
ties of, i. 228, 459 
specific gravity of, i. 
133, 229 
may be inflamed when 
mixed with oxygen, 
i, 229, 234 
analysis of, i. 229, 232, 
234 
rapidly and.largely ab- 
sorbed by water, i. 
230 
quantities in solutions 
of different densities, 
i. 231, 232 
contains oxygen, i. 236 
its base forms an amal- 
gam with mercury, 1, 
237 
nature, of this amalgam, 
i, 238, 239 
decomposition of, by po- 
tassium, i, 239 
sub-carbonate of, i. 294 
mode 
of preparing i, 294,423 
mode 
of ascertaining its pu- 
rity, and that of its 
solution, ii. 462 
bi-carbonate of, i. 296 
its use as 
a test, ii, 390 
sulphate ‘of, i. 830 
sulphite of, i. 342 
Were phuret of, i, 350 
its use 
as a test, 
ii, 401 
hydroguretted sulphuret 
of, i, 352 
nitrate of, i.891 
muriate of, i. 422; ii. 
301 


mode of as- 
certaing its purityg 
ii. 465 
hyper-oxymuriate of, i. 
433 


Ammonia, solution of copper in, ii. 
104 


oxalate of ii, 196 
important as 
a test of lime, i ii, 196 
citrate of, ii, 202 
acetate of, ii, 279 
fluate of, ii. 389 
use of, as a test, ii. 390 
succinate of, as a test, 
ii, 398 
tests of, ii. 402 
solution of, method of 
ascertaining its purity, 
ii. 463 
quantity of, in solutions 
of different densities, 
1. 231, 232 
Ammoniaco-magnesian sulphate, i. 
336 
Ammonium, i. 238 
Ammoniurets, ii. AT 
Amniotic acid, ii, 307 
Annios, liquor of the, ii. 348 
Analysis of earths and stones, ii. 416 
inflammable fossils, ii. 
432 
lime, ii, 481 
maris, ii, 484 
minerals in general, ii, 
409 
mineral waters, ii, 381 
ores, ii. 434, 441 
salts, i ii. AI3 
Animal oil, ii. 367 
substances, ii, 282 
methed of 
staining black, ii. 78> 
analysis of, 282, 283 
primary, li, 283, 284 
more complex, ii. 316 
Antimonane, ii. 59, 150 
Antimoniates, ii, 148 
Antimonic acid, ii, 148 
Antimonious acid, ii, 148 
Antimonites, ii. 148 
Antimony, ii. 145 
mode of obtaining pure, 
ii, 145 
oxides of, ii. 51, 146—S 
acidifiable, ii. 148 
' ignited, detonates with 
the vapour of water, ii, 
145, 146 
sulphuret of, ii. 145 
glass of, ii. 149 
mode of ascer- 
taining its purity, ii, 
A467 


N 
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Antimony, hydro-sulphuretted oxide 
of, ii. 149 
action of acids on, ii. 149 
alloys of, ii. 150 


analysis of ores of, ii, A38 - 


tartarized, mode "of as- 
certaining its purity, ii, 
68 


- Anis, acid obtained from, fi. 315 
Apparatus, chemical, i, 2, 121, 437 
Woulfe’s, i. 7, 441 
Cuthbertson’s, i, 442 » 
ee fortis, mode of ascertaining 
the purity of, ii, 458 
See Nitric Acid, 
Arbor Diane, ii, T9 
Archil, ii. 233 
Argentane, ii. 17 , 
Argentine flowers of antimony, ii. 
145 
Arsenates, ii, 156 
Arsenic, mode of obtaining, ii 153 
properties of, ii, 158 
tinges copper white, ii. 154 
properties of white oxide 
of; {115 154... 
sulphurets of, ii. 155 
analysis of ores of, ii. 438 
method of discovering, ii. 
446, 448 } 
compound of hydrogen 
with, ii. 157 
alloy of potassium with, ii. 
158 
acid, modeof obtaining, ii. 
156 
properties of, ii. 156 
Arsenicane, ii1..59 
Arsenites, il. 155 
Arsenous acid, ii. 155 
tests of, ii. S91, 446 
Arsenuretted hydrogen ; gas,ii. 157, 158 
Arts, application of chemistry to, 
ie XXXVI. 3 ii. 476 
Asparagin, ii. 251 
Asphaltum, ii, 248 
Atmospheric air, i, 144, 358 
weight of, i. 150 
Atomic theory,i. 29» 
puseetous to it, i. 35 
Atoms, i. 14 
simple, 1. 14 
compound, i. 14, 30 
component, i. 15 
elementary, i. 15, 30 
organic, i. 30 
figure of, i, 29 
ultimate of bodies, 


weight 
of, 1.31; ii, 522 a 


Attraction, i. 41 
Aurum musivum, it, 129 
Azote. See Nitrogen, 


B. 


Balloons, i. 159 
Balsams, ii, 221 - 
Barilla, mode of detecting the adul- 
teration of, ii. 476 
Barium, i. 246 
Barometer, rules for reducing gases 
toa mean height of, ii. 497 
Barytes, analysis of, i. 243 
properties of, i, 245 
_ base of, i. 246 
carbonate of, 1. 297, 331 
mode of dis- 
vering, ii, 453 
- sulphate of, i. 330 
method of panerks pure, 
i. 331 
sulphite of, i. 342 
hydro-sulphuret of, i. 351 
hydroguretted sulphuret of, 
i, 354 
nitrate of, 1, 392 
muriate of, i. 424 
hyper-oxymuriate of, i, 434 
oxalate and~ superoxalate 
of, ii, 197 
citrate of, ii. 202 
acetate of, 11. 279 
: its use as a fest, 
11,395 
use of, asatest, ii, 39}, 
395 
test of, ii, 402 
Base, what, i. 268 . 
Basis, in dyeing, what, ii. 231 
Baume’s hydrometer, degrees of, re- 
duced to the common standard, ii. 
503 
Bell-metal, ii. 104, 130 
Benzoic acid, ii, 2t1 
mode of ascertaining 
the purity of, ii. 


A61 
Bi-carbonate of potash, i, 290 
soda, i. 293 


ammonia, i, 296 
Bile, resin of, ii. 301, 332, 334 
_of the ox, ii. 331 
peculiar matter in, 
334 
yellow matter of, ii. 333 
y component parts of, ii, 334-6 
© of other animals, ii. 334 
. human, 335, 336 


il. 


332, 


* 
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Bile, ealculi of, ii. 336 
Bismuth, properties of, ii, 142 
oxide of, ii. 143 
action of acids on, ii, 143 
sul phuret of, ti, 144 
alloys of, ii. 44 L 
its fumes destroy the duc- 
tility of gold, ii, 144 
analysis of ores of, ii, 438 
Bismuthane, ii. 59, 144 
Bitter principle, ii, 242 
artificially formed, 
ii, 242, 243 
Bitumen, elastic, i ii. 249 
Bitumens, ii. 247 
Black dye, for animal substances, i ik. 
18 
vegetable substances, 
ii. 234 
‘Black’s furnace, i. 4, 452 
Black-lead, ii, 120 
Bleaching, i. 408, 434 
Blende, ii. 140 
phosphorescent, ii, 14} 
Blood absorbs oxygen, i. 140 
appearances of, ii. 316 
coagulation of, ‘ii. 316, 317 
serum of, ii. 317 
serosity of, ii, 317 
crassamentum of, ii, 320 
fibrin of, ii. 320 
red elobules of, ii. 320 
its colour not owing to iron, 
ii..321, 323 
its colouring matter may be 
employed asa dye, ii, 322, 
323 
action of gases on, ii. 323 
effects of respiration on, ii, 
324 
acts on the air through the 
skin, ii. 327 
its uses in the animal eco- 
nomy, ii, 327 
Blow-pipe, i, 12 
with oxygen and hydro- 
gen, i, 158 
Boa constrictor, excrement of the, 
ii, 359 e 
Boiling point, i. 98 
varied by pressure, i. 
O57: 
of different substances, 
; ii. 508, 509 
‘Boletic acid, ii. 213 
Bolognian phosphorus, i. 332 
Bones, ii. 366 
’ distillation of, ii. i. 367 
analysis of, ii. "368 
Boracicacid, mode of obtaining, ii.15 


Boracic acid, properties of, ii, 15 
decomposition of, ii, 
16 


component parts of, 
ii, 17 


saline compounds of, 
. ii. 18 

compound of fluoric 
with, ii, 22 

test of, ii, 401 

mode of ascertaining 
the purity of, ii, 
460 


Borate of soda, ii. 18, 166 
3 mode of ascertain- 
ing the purity of, 
ii, 467 ( 


Borax, ii. 18, 166, 467 


Boron, ii. 16 * 


Boyle’ s fuming liquor, i. 353 
Brain, analysis of the, ii, 376 
Brass, ii, 104 
Brazil wood, as adye, ii, 233 
‘ infusion of, aaa test, 
ii, 386 
Bronze, ii. 104, 130 
Broth, ii, 372 
Butter, ii, 339, 342 
of antimony, ii. 150 
bismuth, ii, 144 
zinc, ii, 140 


Cc. 
Cajepué oil; ii. 228 
Calamine, ii. 140 
Calcium, i. 252 
Calculi, urinary, ii. 306, 359 
varieties of, ii. 360, 
365 " 
of brutes, ii. 366 
biliary, ii. 336 
Calico-printing, li, 234 
Calomel, ii. 85 
mode of ascertaining its 
purity, ii. 469 
Caloric, general observations on, i. 
65 


repulsive, i. 66 

expands bodies, i. 68, 14 

tends to an equilibrium, a 
69 

moves immeasurably quick 
in all directions, i. 69 

conducting power of bodies 
for, i. 70 - 

effects in which it loses its 


é distinguishing properties, 


i, T1 
absorbed in liquefaction, 
:€ 71 


INDEX. 


Caloric, given out by increasing 
the density of bodies, i. 
71 

not chemically combined 
when latent, i. 72 
capacity for,i.72, 111 © 
absolute quantity o*, 1.73 
tends to an equilibrium, 1. 
83 
its motion, 1, 84 
reflection of, 1, 84; ii. 35 
refraction of, 1. 86 
absorption of, i, 87 
conduciors of, i. 88; ii. 36 
the cause of fluidity, i. 93 
given out by liquids on 
becoming solid, i. 97 


tion of asalit from its so- 
lution, i. 98 
the cause of vapour, i. 98° 
its particles repulsive, i. 
100 
absorbed in evaporation, i. 
102 
evolved during the con- 
densation of vapour, i. 
105 
the whole quantity in a 
body cannot be measured, 
i. 106 
capacity for, i. 111 
chemically combined in 
gases, i, 130 
evolved from gases by me- 
chanical pressure, i. 131 
generally absorbed during 
solution, i. 174 
charcoal, a very slow con- 
ductor of, i. 275 
admeasurement and effects 
of, ii. 504 
table of effects of, ii. 507 
expansion of air by, ii. 511 
liquids by, ii. 
512 
water by, ii. 
512 
solids by, ii. 
513 
glass by, ii. 
513 


specific, tables of, ii, 517 

rec, i, 67, T4 

latent, i. T1, 94 

apparatus for show- 

ing the most im- 
portant facts res- 
pecting, i, 443 

of fluidity,i. 94. 


evolved during the separa-_ 


Caloric, radiant, i, 69, 84 
specific, i, 111 
Calorimeter, i, 94 
Camphor, ii. 219, 220 ft 
acidification of, 11.219 
artificial substances re- 
sembling, i. 4385 ii. 
219 
Canton’s phosphorus, i. 344 
Caoutchouc, ti. 227 . 
preparation of ether 
for dissolving, ii, 270 
soluble in cajeput oil, 
ii, 228 
mineral, ii, 249 
Carbon, i. 272 
combustion of, i. 276,415 
gaseous oxide of, i, 304 
combination of hydrogen 
with, i. 306 | 
sulphuret of, i, 354 
phosphuret of, ii. 2 
Carbonates, i. 287 ; 
tests of, ii, 402 
Carbonate of alumine, i. 304 
| ammonia, i, 296 
barytes, i, 29T, 3315 
ii. 453 
copper, ii. 100 
glucine, i. 303 
iron, ii. LAT 
lead, ii, 136 
lime, i. 299 
magnesia, i, 302, 478 
potash, i. 287, 290 
“soda, i. 292 
strontites, i. 299 
yttria, i, 304 
zircon, i. 304 
Carbonic acid, i. 278 
method of procuring, 
i, 280 
properties of, i. 281 
generated in several 
cases of combus- 
tion, i. 284 
tests of, ii. 401 
gas, quantity of, ab- 
sorbed by wa- 
tery iy ITT, 
283 - 
method of pro- 
- curing, i. 280 
properties of, i. 
281 
weight of, i, 
‘133; 282 
its effects on ve- 
getation, i, 
2&6 


i 
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Carbonic, oxide, quantity of, absorb- 
ed by water, i. 
171 
its combination with 
chlorine, i, 416 
Carbonous oxide, i. 304 
method of  pro- 
curing, i, 304 
properties of, i.305 
Carbo-sulphurets, i. 357 
Carburets, ii. 59 
of iron, ii. 119, 120 
Carburetted hydrogen, quantity of, 
absorbed by 
water, i.171 
several vari- 
eties of, i. 
306, 308 
methods of 
procuring, 
i. 307 
combustion 
of, i, 308, 
309 
specific gra- 
vity of, i. 
133, 308 
Carmine, how made, ii. 235 
Cartilage, ii. 370 
Cassius, purple powder of, ii, 68 
Castor, ii. 302 
Catechu, ii. 236 
Caustic, lunar, ii, 79, 471 
Cawk, i. 331 
Cerium, ii, 178 
analysis of ores of, ii, 441 
Ceruse. See White Lead. 
Chain ef cups, galvanic, i, 182 
Chalk, i. 300 " 
Chameleon mineral, ii. 167 
Charcoal, i. 212 
how obtained, i. 273 


guantities afforded by dif- 


ferent kinds of wood, i, 
273 
its properties, i. 273 
imbibition of air by, i. 
215_ 
resists putrefaction, i. 275 
why it makes the best iron, 
ii. 120 
how prepared fer making 
gunpowder, ii, 229 
combustion of, ii. 276. See 
Carbon. 
Cheese, ii, 340 
Chemical laboratory, i. } 


elements, new system of, i. | 


apparatus, i. 2, 437 


Chemical affinity, i. 14, 23 
how exerted, i. 27 
causes that modify 
its action, i, 40 
if not modified, 
y would unite bo- 
dies in all pro- 
portions, i, 46 
unites atoms in 
simple propor- 
tions only, i, 28 
estimation of its 
forces, i. 50 
experimental = il- 
lustrations of, i, 
58 
action, 1. 23 
its general effects, 
i, 26 
ef compounds the 
result of the affi- 
nities of their ele- 
ments, i. 47 
will not take place 
without solution, 
i. 60 
does not take place 
at a perceptible: 
distance, i. 61 
equivalents, table of, ii. 
522 
Chemistry, distinguished from natural 
philosophy, i, xviii, 
detined, i, xix. 
utility of its study as a sci- 
ence, i, xxi.—xli. 
modes of teaching, 1. xli, 
classification of the ob- 
- jects of, i, xiii. 
new doctrines and nomen- 
clature of, i. xlvi, xlvii. 
266—270, 397, ii. 49 
economical, i, xxxvi. 
Chlorides, i. AIS 
Chlorine, i. 397, 406 
method of procuring, i, 406 
properties of, i. 407 
method of impregnating 
water with, i. 408 
combined with oxygen, i. 
409, 410 
; nitrogen, i. 
All 
hydrogen, 
i, AIS 
metals and 
their ox- 
ides, i. 
414,417, 
bi, 58 
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Chlorine eombined with carbon and 
its com- 
pounds, 
1, 415 

sulphur and 
its com- 
pounds, 
i. 416. 
phosphorus, 
ii. 14 
its action on gold, ii, 65 

Chloriodates, ii. 30 

Chloriodic acid, ii. 30 

Chloruret of iodine, ii. 30 

Chlorurets, i. 414 ii. 58 

table of the composition 
of several, ii. 59 
Chrome, ii. 167 
analysis of ores of, ii, 441 
Chromic acid, ii. 167 
Chyazic acid, ferruretted, ii. 313,314 
sulphuretted, ii, 314 
Chyle, ii. 343 
Cinnabar, 11. 8 
mode of ascertaining its 
purity, ii. 47} 
Citrates, alkaline, ii. 202 
earthy, ii. 202 
metallic, ii, 202 


Citric acid, process for obtaining, ii. . 


199 
; properties of, ii, 200— 
202 
combinations of, ii. 202 
Clyssus of nitre, i, 386 ° 
Coak, ii. 250 
Coal, quantity of, required for the 
evaporation of water, i, 104 
varieties of, ii, 249, 250 
y analysis of, ii, 433 
Coating for retorts, i. 10 
Cobalt, method of obtaining, ii. 158 
properties of, ii, 159 
oxides of, ii. 51, 159, 161 > 
solutions of, ii. 160 
alloys of, ii, 162 
analysis of ores of, ii. 438 
— Cocculus indicus, peculiar principle 
of, ii. 254 
Cochineal, ii. 233, 235 
Coffee, ii. 244 


Cohesive affinity, i. 15 
methods of over- 


coming, i. 16, 66 
Cold, artificial methods of produc- 
ing, i. 95, 96, ii. 271, 514— 
516 
Collar joint for uniting long or 
crooked tubes, i, 444 
Colouring matter, ii, 230 , 


Colours destroyed by charcoal,i.275 - 


substantive and adjective, ii. 
231 
Columbium, ii. 175 
analysis of ores of, ii. 
AAI 
Combination alters the properties of 
bodies, i. 24, 62 
Combustible -bases, compounds of 
oxygen with, i. 267 
Combustion in oxygen gas, i.136 
consumes oxygen, i. 137 
increases the weight of 
bodies, i. 139 
acids are supporters of, i. 
267, 270; ii. 41 
spontaneous, ii. 117, 217 
Compounds, their chemical action the 
' result of the affinities 
of their parts, i. AT 
Congelation, artificial, i. 95, 96; ii. 
215,514 - 
Cooling, rate of, varied by different 
circumstances, i. 84, 86 
Copper, method of purifying, i ii, 96 
properties of, il. 96 
oxides of, ii. 50, 97 
sulphates of, ii. ‘98 
sulphite of, ii, 99 
sub-carbonate of, ii. 100 
nitrate of, ii, 100 
hydro-oxide of, ii. 101. 
sub-nitrate of, ii. 101 
muriate of, ii. 101, 103 
sub-muriate of, ii. 102 
action of chlorine on, ii. 102 
acetate of, ii. 103, 281, 473 
sulphuret of, ii. 103 
phosphuret of, ii. 104 
combination of ammonia 
with, ii. 104 ° 
alloys of, ii, 104 
ferro-prussiate of, ii. 113 
arsenite of, ii. 155 
analysis of ores of, ii. 436. 
mode of detecting, ii, 44 
Cork and its acid, ii. 245 
Corrosive sublimate, i ii, 85 
mode of disco- 
vering, li. 432 
method of ascer- 
taining its pu- 
rity, li. 468 


Cotton-mills, probable cause of fires. 


in, ii, 218 


Cream, ii. 338 
of tartar, ii, 206, 209 
mode of ascertain- 


AGS 


ing its purity, i th. 
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Crocus metallorum, ii, 149 
Crucibles, i. 4 
platina, ii, 74. 
Cryophorus, i, 110 
Crystallization, i. 18, 59 
’ water of, i. 18, 271 
Crystals, structure of, i, 19 
Cupel, ii. 133 
Cupellation, ii. 133 
Cupeiling furnace, i. 3, 451 
Cuprane, ii. 59, 102 
_Cupranea, ii. 59, 102 
Curd, ii. 339, 340 
Cuticle, ii. 374 
Cystic oxide, ii, 364, 365 
D. 
Dalton, Mr. his new system of che- 
mical elements, i. 29 
Decanting jar,i. 11. 
Decomposition, effected by galvanism, 
i. 188 and foll. 
simple, i. 38 
Decrepitation, i. 271 
Deliquescence, i. 18, 271 
Deoxydizing power of light, i. 117 
Detonating powders, i, 387, 432, 
4333 ii. 66, 67, 80, 85, 
02. 100, 153 
Diamond, pure carbon, i. 272 
combustion of the, i, 276 
Differential thermometer, i. 76 
Digestion, secretions subservient to, 
ii, 328 
Dilatation. See Expansion, 
Dippel’s oil, ii. 367 
Distillation, i. 33 
leaden worms improper 
for, ii, 454 
Ductile metals, ii. 36 
Dutch gold, ii. 104 
Dyeing, art of, i. 1x. ; ii. 230 
colouring matter of blood 
may be employed in, ii. 323 


E. 

Eartis, i. 242; ii, 409, 410 
classification of, i, 242 
compounds of metallic bases 

with oxygen, i. 242 
dissolved by carbonic acid, 
tests of, ii. 402 
examination of, ii, 416 
means of separating, ii, 431 
Far-wax, ii, 302 
Effiorescence, i. 18, 44 
its influence on chemi- 
cal affinity, i, 44 
Egg-shells, ii. 370 ~ 
Egg, white of. See Albumen, 


Elastic gum. See Caoutchouc. 
Elasticity, its effect on chemical af- 
finity, i, 42,46, 57 
increased by caloric, i. 66 
Elecampane, peculiar substancefrom, 
ii, 253 
Elective affinity, i. 38, 54, 62, 63 
Electricity, chemical agencies of, i. 
77, 186 
theory of, i. 178 
Electro-motion, i. 200 
Elements, chemical, new system of, 
. i. 29° 
Emulsions, ii, 215 
Enamelling furnace, i, 3, 451 
Epidermis, ii, 374 
Epsom salt. See Magnesia, sulphate 
of, 
Hi iia i chemical, table of, ii,522 
mode "of as- 
certaining 
ii. 523 
Ether, solution of eh Farah in, ii. 


gold in, ii, 69 
platina in, ii. 73 
methods of preparing, ii, 266 
—26 
properties of, ii. 270 
purification of, ii, 270 
analysis of, ii, 272 
mode. of ascertaining its pu- 
rity, ii. A74 
acetic, ii. 269 
fluoric, ii. 269 
muriatic, ii. 268 
nitric, ii, 267 
phosphoric, ii. 26S 
pyro-acetic, ii, 277, 281 
sulphuric, ii,.266 
Ethiops mineral, ii. 87— 
mode of ascertain- 
ing its purity, ii, 
AT1 


per se, ii. 82 
Euehlorine, i. A409 ~ 
action of iodine on, ii, 30 
Eudiometer, Berthollet’s, i. 145 
Dalton’s, i. 369, 441 
Davy’s, i. 374 
Guyton’s, i. 148 
Hope’s, i. 148, 374 
Pepys’, i. 148 
Seguin’s, i. 145 
Volta’s, i, 154, 441 
with nitrous gas, i, 369, 


solution of nitrous 
gas and iron, i. 
374 
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Eudiomeier, with sulphuret of pot- 
ash, i, 148 
Evaporating furnace, i. 3, 447 
vessels, 1.55 ii, 406 
Evaporation occasioned by caloric, i, 


Expansion, i,.68, 74 
Extract, vegetable, ii. 184 
Eye, humours of the, ii. 346 


F, : 1 


Farina. See Starch. 
Fat of animals, ii. 304 
e oxygenated, ii. 302 
Feathers, it. 375 
Fecula, vegetable. See Starch, 
Fermentation, vinous, ii. 256, 265 
Ferrame, ii. 59, 111 
Ferranea, ii. 59 
Ferro-prussiate of iron, ii, 111 
. potash, ii, 112 
its use aS @ 
test, ii. 
396 
copper, ii. 113 
Ferro-prussic acid, ii, 313, 314 
Ferruretied chyazic acid, ii, 
314 
Fibre, woody, i ii, 229 
Fibrin, ii. 296 
of the blood, ii. 320 
Finery cinder, ii. 105 
Fire produced by compressing air, i. 
131,157 
Fireworks without smell or smoke, i. 
152 


313, 


nitrate of .soda recom- 
mended for, i, 391 
Fish, scales of, ii, 373 
Flesh of animals, ii, 296, 371 
Flints, i. 253 
liquor of, 1, 256 
Flewsrs of swyphur, 1, 313 > 
Fiuate of ammonia, 11, 389 
Fluidity, caused by caloric, i. $3 
Fluids of the various cavities of the 
body, ii. 347 
Fiuoboricacid, i. 22 
Fluoric acid, mode of obtaining, ti. 19 
subsilicated, ii, 19 
liquid, ii. 20 | 
nature of, ii, 21 
compounds of, ii, 22 
compound of the bora- 
eic with, ii, 22 
gas, mode of obtaining, 
ii, 19 
never pure, ti. 19 


Fluoric acid, gas, decomposed by po- 


tassium, ii. 20 
compound of the 
boracic with, ii. 


22 
Flux, black, ii. 153, 442 
white, ii. 442 
Fluzes, ii. 48, 442 
Formic acid, ii, 315 
Freezing points of liquids, ii. 507 
mixtures, ii, 514—516 
apparatus, i, 442 
Frigorific mixtures, tables of; ii. 514 
—516 
Frost-bearer, i, 110 
Fulminating gold, ii. 66, 67 
mercury, ii.67, 85 
powder, i. 387 
4 silver, ii, 67, 80 
Fuming liquor, Boyle’s, i, 353 ~ 
Libavius’s, ii, 128 
Fungin, ii. 253 


. Furnaces, chemical, i, 2, 445—453 


Aikin’s portable blast, i. 
445 
Knight’s portable, i. 447 
wind, i. 2, 3,447, 448 
reverberatory, i. 451 
cupelling, or enamelling, i. 
A51 
portable, i.3 
Black’s portable, i. 4, 452 
Chenevix’s wind, 1. 452 
general remarks on, i. 453 
Fusion, iy 71, 93 
watery, i. 18 
Fusible metal, ii, 144 
Fustic, ii, 234 


: 


G 
Galena, ii. 138 
Gallate of iron, ii. 114, 204 
Gallic acid, metiiods ‘of obtaining, 
ii, 203, 204 
characters of, ii, 204 
Galls, tincture of, as a test, ii. 387 
used as a test in substance, 
ii, 387 
Gall-stones, ii. 336 
a valuable pigment, ii. 
336, 
Galvanic arrangements, construction 
of, i. 178 
_ pile, i, 177, 181 
theory of the action of, 
i, 199 . 
apparatus, i, J81, 442 
Galvanism, i. VTT 
excitement of, 1. 178 
effects of, i, 180, 186 
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Galvanism its similarity to electri- 
city, i. 184 
= chemical agencies of, i, 
186 
theory of the changes 
produced by, i. 195 
Gases, what, i, xliv. 
effect of caloric on, i, 66 
expansion of by heat, i. 74 
manner in which they conduct 
heat, i, 89 
_ apparatus for experiments 
ay on, i, 121 
method of weighing, i, 126 
a8 transferring, i. 128 
caloric chemically combined 
in, i. 180 


give out their latent heat by 


compression, i, 131, 157 
their bulk inversely as the 
pressure on them, i. 132 
table of the specific gravity 

of i. 133 
specific heat of, i. 


133, 134; 
ii. 517 


colour of the electric spark . 


transmitted through diffe- 
rent, i, 134 
become thoroughly mixed un- 
der all circumstances, i, 159 
quantities of, absorbed by 


water, i. 171 

absorption of, by charcoal, 
i, 274 

general laws of their union, 
i, 359 


rules-for reducing to a given 


pressure and temperature, 


ii, 497 
apparatus for procuring, i. 
439 
receivers for, i. 
442, 454 
Gas-holder, i. 124, 454 
Gas, ammoniacal, i. 228 
arsenuretted hydrogen, ii. 157 
azotic, or nitrogen, i. 141 
carbonic acid, i; 280 
carbonous oxides i. 304 
earburetted hydrogen, i. 306, 
308 
euchloric, i. 409 
fluoboric acid, ii. 22 
hydriodic acid, ii, 26, 27 
hydro-carburetted, i. 306 
hydro-phosphoric, ii. 13 
hydrogen, i. 151 
hydro-zincic, ii. 139, 140 
muriatic acid, 397, i, 399 


VOL, II. 


440, AAI, 


Gas, nitric acid, i. 364 
nitric oxide, i. 368 
nitrogen, i, 141 
nitrous, i. 359, 368 
nitrous acid, i, 382 
nitrous oxide, i. 376 
olefiant, i. 308, 310 
oxygen, i. 134; Dig hetek oe 
oxymuriatic acid, See Chlorine. 
phosgene, i. 416 
phosphuretted hydrogen, ii. 11 
potassuretted hydrogen, i, 224 
prussic acid, ii. 312 
silicated fluoric, ii, 19 - 
sulphuretted hydrogen, i, 345 
sulphurous acid, i. 323 
supercarburetted hydrogen, i, 
310 
telluretted hydrogen, ii, 152 
Gastric juice, ii, 330 
Gazometer, i, 123 
mercurial, i. 125 
Gel latine, method of obtaining, ii, 284 
properties of, ii. 285 
tests of, ii. 286 
decomposition of, ii, 287 
Gems, preparation of sulphur for 
taking impressions from, i. 
313 
‘Gilding of steel, ii, 69 
Glass, how made, i, 255, 256 
decomposed by fluoric acid, 
ii, 20 
tinged blue by zaffre, ii. 162 
expansion of by heat, ii. 513 
of antimony, ii. 149 
mode of ascer- 
taining its pu- 
rity, ii. 467 


Glauber’s Salt, See Sulphate of 
Soda. 
Glucine, attempt to decompose, i. 
244 
method of obtaining it, i. 
261 
its properties, i. 262 
carbonate of, i. 303 


sulphate of, i. 339, 
nitrate of, i. 395 
muriate of, i, 428 
Glucinum, i. 262 
Glue, ii. 284 
Gluten, animal, ii, 296 
vegetable, ii. 226 
Gold, malleability of, ii. 36, 64 
ductility of, ii. 36 
physical qualities of, ii, 64 
chemical qualities of, ii, 63 
oxides of, ii. 50, 66 
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Gold, fulminating. compound, of, ii, 
66, 67 ay 
precipitates of, ii. 67—69. 

solution of, in. ether, i ii, 69 

solvents of, il, 65 

sulphuret, of, ii, 69 

phosphuret of, ii, 69. 

purification of, ii. 70, 

alloys of, ii. 10, 92 

finenéss of, ii, 10 

‘its colour ‘destroyed by, palla- 
dium or platina, i 1. 92. 

imitations of, ii, 104 

its ductility ‘destroyed. by be~ 
ing kept in fusion near 
melted bismuth, ii, 144, 


a 
small portion of antimony, 
ii, 150 

analysis of | ores of, il, 435. 


Golden sulphur of antimony, li. 149 , 


iv gre extract, use of, asa ‘test, 
. 257, 283, 286, 289, 29], 294. 
ante urinary, ii. 306" 
Gravitation, i 14 
Gravity, specific, m fgthod of taking, 
eee Gren « . Al2 
of ages, i, 133 
tage and fluids, 
. 499—501 
Fale: for calculat- 
ing | absolute. ' 
weight from, ii. 
2 


of mixtures, of ale 
‘cohol and wa- 
ter, ii. 261 
sul- 
phuric acid and water, i. 
“318 
am- 
monia and water, i, 231, 
232 
Green, Seheele’s, ii, 155. 
Guaiacum, ii. 291 
Gum, ii. 186 
acid obtained from, i ii, 308 
British, ii, 225 _ 
elastic, ii. 227 
Gume-resins, i i, 221 
Gun-metal, ii. 104 


Gunpowder, sulphur may be’ burned | 
out of without. ine 


flaming ae 315 
com position ‘of, i, 387 
peculiar kind of, i, ABS 
preparation of charcoal 
for, ii. 229 
Gypsum, i, 384 | 


Hahnemann?s,wirie,test, ii. 456 
Hair, males, of, staining it black, 
its) % 
analysis of, ii, 374 
Harrowgate. water, i. 3463 ii. 405: 
Hartshorn, spirit of, mode.of: asces~ 
taining its.purity, ii, 463. 

Beat, See, Caloric. 

Hlenars, 1., 343. 

Hiccory, wild American, ii. 234 

Homberg’s pyrophorus, 1. 338: 
inflamed by 

nitrous 
gas, i. 368 
phesphorus, i, 426: 
Homberg’ s sedativesalt. See Bora- 
cic Acid,, 
Honey, ii. 192 
stone, il. 250°, 
Hoofs, i ii, 373, 


_ Horn, ii, 370, 


Hforn-lead, ii. 135 
Horn-siluer, il, 76; 
House-leek, malic acid pbtained from, 
ii, 205, 
Hydrate, what,,i. 1735 ii, 52. 
of alumine, i. 2585 
cobalt, ii, 161; 
copper, ii. 100,108 
iron, ii, 10%; 108, 
lead, ii. ‘133. 
lime, i, 250. 
magnesia, iv 258: 
nickel, ii. 123-4 
potash, i. 207 
soda, i. 208... 
Hydriodates, ii. 27, 30.32.59 
Hydriodic acid, ii. "26,. 2, 59 
Hydrocarburet,.i. 306, 
cL “probably, metallic, i. 
151, 237. 
compounds _ of. metals 
with, ii, 52.) 139, hohe 
157; , 


Hydrogen gas, i. 151, 
‘method (of procuring, 
i. 151, 
- its, properties, i. 152 
burned, under a tube 
produces a musical 
sound, i. 157 
caution with. respect 
to firing, i, 157, 
note. . 
explodes by, compres- 
sion ,with oxygen, 
1, 15%2 
weight.of, i, 1335.153 


’ 
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exist) aed tt 8O7 Ra 
with Oxysen,; forms 


ketenes ite ® “£5 
Hydrogen gas, w 
’ watery 1,7 NOK au paid 


quantity of, absorbed 


_ by water,.i. 171, 
an acidifying princi~ 
\ ple, i...266; ii, 26 
combination of oxy- 

muriatic acid with, 
ei. 418... 0 4 
forms an ,acid gas 

with iodine, ii. 26 
oxyiode of, ii. 32 
combines with some 

metals, il, 52 
solution.of zinc in, 

ait. 129 at 
arsenuretted, fi. 157 
carburetted, i. 306 
phosphuretted, ii. 11 
potassuretted, i. 224 
sulphuretted, 1. 345 
ny mer _ union of 
alkalis, and.» earths 
_ with, i. 348 
super-carburetted, i, 

310 
supersulphuretted, i, 

.351 


152 | 
compounds 


telluretted, il. 
s sul phuretted, 
of, with oxides, ii, 56 
with metals, ii. 58 
liquid, See Sul- 
i phuret of carbon. 
aT. gdtogwreticd sulphur, i. 351 
sulphurets, methods of 
forming, i. 351— 
354; ii. 57 
properties 
of, i. 353 
woe metals, 
* ae ii. a 
H ydroionicacid, i il. 26, oT 
Hydrometer, Baume’s, degrees of, re- 


duced, to the common = standard, 
ii. 503, 
Fiydro-nitric acid, i, 364, 366 
Hydro-oxides, ii. 52 ; 


Hydro-oxide of cobalt, ii. 161 
copper, il. 101 
_iron, ii. 107% 
Hydro-phosphoric gas, il, 13 
Hydrosulphurets, i. 348, 352 
alkaline, 
lead, ii.137, . 
blacken 
glass, ii.137 


Hydrosulphuret of ammonia, i. 350; 
ii, 401 
barytes, i. 35) 
9 


ot 


tests of 


Hyd: ‘suljphuret of lime, i. "319, 351; 
di, 402 
magnesia, 1, 349 
potash, 1, 349, 350 
soda, i, 349, 350 
strontites, i. 351 
zinc, ii, 141 
Hydroouiphvesittid oxides, i iil. 56 
Aydrothionic. acid, i.,346 — «. 
Hydro-zincic gas, . platina fused by 
the combustion of, ii, 140: 
Hydruret of potassium, i, 224 
tellurium, ii. 152 
Hygrometer, 1...68, 172 
Hygrometric water, i, 172 
Hyper-oxymuriates, i. 429 


Ice, quantity of caloric absorbed in 

, the liquefaction of,'i. 93, 94 
lighter than water, i. 176 
Indigo, i ii. , 231, 244 
Inflammable fossils, analysis of, ii. 
A32 

Ink, ii. 114, 204 . . 
that is not easily destructible, 
’ Bile SLL 

Inks, sympathetic, ti, 102, 114, 115, 
187, 144, 460 

Insolubility, i ‘2 

Inulin,, ii. 2532 

Todates,. ii. 29, 32»: 

Todic acid, ii, 29, 32 5 

Iodine, discovery of, ii. 24° ° 

properties of, ii, 24 

forms an acid gas with hy- 

drogen, ii: 26 © 

sulphuret of, ii, 28 

phosphuret of, ii, 28 

action of alkalis on, ii. 29 

forms an. acid ee oxygen, 


& 


ii, 29 - 

combines with aftraged; ii. 
30 

forms an acid with ane 
ii, 30 

action of euchlorine on, ii. 
-30, 31 - 

nature of, ii. 32 

source of, ii. 33 


starch a ‘delicate test of, ii. 
33° -4 
Todurets, ii. 28, 32, 59 
of starch, ii. 225 
Iridium, ii, 93 - 
oxides of, ii. 50 
analysis of ores of, ii. an 
Iron, solutions of, precipitated by 
exposure to-air, ti, 47 
properties of, ii, ‘104 


N2 


IND EX. 


Zron, oxides of, ii. 50, 105—108 
hydrates of, ii. 107, ‘108 
sulphate of, ii. 108, 109 

its use as a test, 
ii. 392 
mode of ascer- 
taining its pu- 
rity, ii. 467 
sub-sulphate of, ti, 10% 
sulphite of, ii. 110: 
‘mitrate of, 11. 110 
muriate of, ii, 110 
compound of chlorine with, ii. 
Lik 
ferro-prussiate of, ii, LIL 
gallate of, ii, 114 
tannate of, ii. 114, 238 
cold short, ii. 116 
phosphate of, ii, 116 
. oxy-phosphate of, ii. 116 
succinate of, ii. 116, 222 
acetate. of, ii. L17 
carbonate of, ii. 117 
combination of sulphur with, 
ii, 117 
sulphuret of, ii, 118 
supersul phuret of, ii. 118 
combination of carbon with, 
ii, 119, 120 
cast, or crude, ii, 119 
malleable, or bar, ii. 119 
why wood charcoal prefer- 
able in the manufacturing 
of, ii. 120 
alloys of, ii. 
tinning of; ii, 121, 130 
its use as a test, ii, 391 
tests of, ii. 116, 492 
analysis of ores of, ii. 436 

Tron-moulds, ii, 115 

Tsinglass, ii. 284 

Ittria. See Vitria. 

Zvory, method of covering with sil- 

ver, ii. 78 


121 


fF 

Jelly, animal. See 

vegetable, ii. 

Foints, fiuid in the 
ii, 349 © 


Gelatine 
188 
cavities of the, 


K, 
Kermes mineral, ii. 
Koumiss, ti. 342 


149 


L. 
Laboratory, i, 1 
Lac, contains wax, ii, 241 
Laccic acid, ii, 212 
Zactic acid, ii, 307, 344 


Lakes, how obtained, ii, 234, 235 
Lamp for chemical purposes, i. & 
Lamp-black, il, 367 
Lard, ii. 305 
Latent heat, i. T1, 94 
Eead, method of purifying, ti, 130 
properties of, ii. 131 
oxides of, ii. 50, 131 
hydrate of, ii. 133 
purification of gold and sil- 
ver by, ii. 183 
mode of procuring oxygea 
from oxides of, ii. 133 
danger of keeping water in, 
ii, 133, 454 
not soluble i in sulphuric acid, 
ii. 133, 134 
sulphate of, ii. 134 


nitrate of, ii, 134, 135 
its use as a test, ii. 
393 


nitrite of, ii. 135 
muriate of, ii, 135,437 
carbonate of, ii. 186 
mode of ascer- 
taining its pu- 
rity, ii, AT2 
acetate of, ii. 186 
its use as a test, il. 
393, 394 
mode of ascertain- 
ing its purity, 
ii, AT2 
remedy against, 
ii. 456, 457 
sub-acetate of, ii. 137, 280, 
281 
its use as a test, 
ii, 257, 283, 
286, 289,291, 
294 
tests of, ii. 137, 454, 457 
phosphate of, ii. 137 
sulphuret of, ii. 138 
analysis of ores of, it, 437 
' method of detecting, ii. 454 
in - ‘wine, 
ii, 456 
eoluble in distilled water, ii. 
A454 
Leaf-gold, ii. 36 
Lemons, acid of, ii. 199. See Citric 
Acid 
Libavius, fuming liquor of, ii. 128 
Life, supported by oxygen gas, i, 
140, 149 
Ligaments, ii. 378 
Light, ‘chemical effects of, 
Al4 
reflection of, by reese? ii, 35 


i, 1144 


- INDEX. 


Lignin, ii, 999 
Lime, analysis of, i. 243 
properties ‘of, i, 249 
hydrat of, i, 250 
milk or cream of, i, 250 
base of, i, 252 
aidakie of, i, 299 
tests of, ii. 402 
not attract catbonic 
299 


does 
acid gas when dry, i. 
subcarbonates of, i, 300 
sulphate of, i. 334 
tests of, ii. 403 
sulphite of, i. 343 
sulphuret of, i, 344 
hydrosulphuret of, i. 349, 351 
tests of, ii, 
402 
hydroguretted sulphuret of, 
i. 354 . 
nitrate of, i, 393 
muriate of, i, 426, 428 
as a test, ii. 400 
hyper-oxymuriate of, i, 434 
“useful in 
bleach- 
ing, i. 


phosphuret of, ii. 10 
tungstate of, ii, 172 
oxalate of, ii. 196 
citrate of, ii. 200, 202 
acetate of, ii. 279 
‘ prussiate of, as a test, ii, 
396 
¥ tests of, ii. 196, 402 
mode of determining the pu- 
rity of, ii. 481 
stone, 1. 300 
water, i, 250 
use of, as a test, ii. 
_ 390, 391 
Liquefaction, i. 71, 93 
Liquids, expansion of, by heat, i. 74 
manner in which they con- 
duct heat, i, 89 
give out heat on becoming 
solid, i, 97 
freezing points of, ii, 507 
boiling points of, ii. 508 
expansion of by heat, ii. 
512 
specific heat of 
ii, 517 


several, 


tube for dropping, i, 439, 


bottle for ascertaining spe- 
cific gravity of, i, 439 
Liquor of surfaces, ii, 347 
Lithic acid, ii, 306 
Litmus, infusion of, ii, 384 


‘. a 
Litmus, iiifusion of, its His as a test, 
. 385 
rodlened by vi- 
negar, as @ 
test, ii. 386 
Liver of antimony, ii. 149 
sulphur, i. 343 
Loaf sugar, preparation of, ii, 189 
Luna cornea, ii. 76 
Lunar caustic, ii, 79 
Lutes, i. 9 
Lymph, ii, 348 
M. 
Madder, ii. 233 
lake from, ii, 234 
Magistery of bismuth, ii, 148 
Magnesia, analysis of, i, 243 
properties of, i. 252 
. hydrat fs i. 253 
base of, i. 253 
ox oat of, i. 302 
mode of as- 
certaining 
its purity, 
ii, AT3 
sulphate of, i. 335 
mode of as- 
certaining 
its purity, 
ii. 466 
sulphite of, i, 343 
nitrate of, i, 394 
muriate of, i. 427, 428 
oxalate of, ii. 197 
_ citrate of, ii. 202 
acetate of, ii, 280 
tests of salts of, ii. 409 
mode of ascertaining its 
purity, ii, ATA 
Magnesium, i. 253 
Malic acid, ne of obtninine, 
. 205 
properties of, ii, 206 
Malleabitity, ii. 36 
Maltha, ii. 248 
ee converts starch into sugar, 
. 190 
Motcenenen ii, 59, 166. 
Manganese, method of obtaining, ii, 
162 
properties of, ii, 162 
oxides of, ii, 51, 162 
action of acids on, ii, 164 
gives a violet tinge te 
borax, ii. 166 
compound of its oxide 
with potash gives dif. 
ferent colours with 
water, ii, 166, 167 


INDEX. 


Manganese, sulphuret of, il, 167 
sulphuretted ‘oxide of, 
ti N16F 


alloys of, ii, 167 


acetate of, ii, 280, 
' 281 

aniilysis of ores of, ii, 
$2439 «9 


mode of ascertaining the 
purity ‘of, ii 479 9 
solvent of, ii ABO. 
Manna, ii. 192 
Marble, i. 300 
Marls, analysis of, ii. 484 
Mass, meaning of; as used by Ber- 
tholiet, i, 41° 
its influence on pecenitat affi- 
a nity, it! ae 198° ere 
Massicot, ii, 131 1 >>: 
Matches for srtisaritie instantaneous 
*Y light, i, '432,° note 
phosphoric, ii. 13 


Mattras, i. V¥,'43T 
at English, reduced to French, 
imees it, 488 
Swedish, ii. 488 


old Fresh, ii. 490, 494 
modern French, ii, 495 
dunce, of Dr. Priestley, re- 
duced to French and 
English cubic inches, ii. 
496 ; 
Mechanical division, influence of, on 
Of: affinity’ or solution, i. 
59° 
reo té influence of, on 
i a “affinity, “i 
ABR 
“Medicine, application ed chemistry 
Mtop tir xeeive th! 
Melasses, ‘ii. 189 
Mellilite, ii. 250 - 
Meilitie‘acid, ii; 251 
Melting ports: of solids, ii. 507 
Membranes, ‘ii! cc oe 
Mercurial trough, 125 
ehh congelation of, i, 96, ii. 
NB: 


combination of, with po- 
tastium, i! 220 
combination of} with sodi- 
um, i. 227° 
ammonium, ‘i. 237 
BEE) ELE the 


bases of the earths, i. 243 - 


its Specifi¢ gravity increas- 
ed by éongelation, ii. 82 
volafilizati*n of, ii, 82 
oxides’ of,” ii. 50, 82 
. methods of ascer= 


we 1 f 


taining their 


Buty, ii. ‘470, 


sulphate and supersulphate 
‘of; ii, 83, 84° 
nitrate of, ii. 84 
its Abi: as a test, 
394 
subnitrate of, j iis 84 
nitrdus'oxide of, ii. 85 
fulminatin: ii. 85 
Hayat ue iit, 85 
Heat of, ii. 391, 
A452 
method of ascer- 
o taining its pu- 
rity, ' ii. 468 
submuriate of, ii. 85, 86 
method of as- 
“” ‘Certaining 
its purity, 
ii. 469 
action of chlorine on, ii. 86 
alloys of, ii. 86 
sul ph uirets Of, ii. 87 
use of, as atest, ii, 391 
analysis of ores of, ii. A3T 
method of ascertaining its 
purity, ii. 469 
apparatus ‘for ‘freezing, i. 
44g" * 
Metallurgy, application of chemistry 
to, ay XEXVI. 
Metals, 


Mercury, 


their comparative power of 
‘conducting ‘heat, i, 89 
fused and ignited by elec- 
tri ity z and galvaiiism, i, 
187"! 
enumeration of, ii. 34 
general “properties of, ii. 
34 
order in which they reflect 
light and heat, ii. 35 
com ative tenacity 0 of, ii, 
chemical properties of, 
) aoe 
Mi Me of, ii. 37, 39 
method of calculating the 
‘ oes acquired by, i, 
4g" 
proportion of oxygen ne- 
_ cessary for the solution 
of, ii, 43" 
different stages of oxidase . 
* tion of, i. "4A 50 
action of alkalines solufons. 
“ony it 'AT % 
reduction of, ii. 48 
table of "tlie proportions of 


oe 


INDEX. 


DMetals, | oxygen with which they 
combine, ii. 50 
compounds of hydrogen 
- with, 11. 52 
compounds of  sujphur 
with, ii. 53 
sulphuret- 
ted hydro- 
gen with, 
ii, 56 
chlorine 
with, ii, 58 
iodine with, 
ii, 59 
pp eae 
with, ii. 59 
carbon with, 
ii. 59 
alloys of; ii, 60 
their: qualities altered in 
alloys, ii. 61 
classification of, it, 63 
malleable, ii. 63 
brittlé and easily fused, ii. 
63 
difficully fused, 
ii. 63 
_ refractory, ii, 64 
usé Of, as tests, ii, 391 
» _ tenacity of séveral, ii. 37. 
analysis of ores of; ‘it: A434, 
A4AL 
colours ef — precipitates 
from; ii, 527 —529 
Metéoric stones; all contain 
alloyéd with nickel, ii, 124 
Milk, description and properties 


iron 


of, ii, 338 
vinous fermentation of, ii 
342 | 


sugar of, ii, 302, 308, 341 
acid of, it: 307, 341 
different kinds of, ii, 342 
Mindererus’s spirit, ii. 279 
Minerals, géneral directions for the 
examination of ii. 409, 411 
Minerat waters,’ analysis of, ii. 381 
égamination of, by 
_ rée-agents, ii. 383, 
substances that may 
be expected in, 
and means of de- 
tecting them, ii. 
AO] 
analysis of, by eva- 


Miniuin; ii, 131 
Molecule, integrant, i. 22 
Molybdate of potash, ii, 171 


poration, ii, 402 


Molybdenum, ore of, ii. 169 
mode of obtaining, ii. 
169 
preperties of, ii. 169 
oxides of, ii, 51, 170 
action of acids on, ii. 
170 
analysis of ores of, ii. 
AAO 
Molybdic acid, mode of obtaining, 
ii. 169 
properties of, ii. 
Molybdous acid, ii, 170 
Mordaunt, what, ii, 231 
Mordeblic acid, ii, 212 
Mother Of pearl, ii. STO 
Motors of electricity, i, 200. 
Mucilage, ii. 186 
Muco-extractive matter, ii, 289, 319 
ucous acid, ii. 308 
Mucus, ii. 289, 293 
tests of, ii, 294 
of the nose, ii. 345 
Muffles, i. 5 
Muriate of alumine, i. 428 
ammonia, i, 4223 
301, 465 
hyperoxy- 
genized, i. 
433 
barytes, 1. 424; ii, 395 
hyperoxygen- , 
ized, i, 434 
bismuth, ii, 143” 
copper, ii. 101, 103 
rlucine, i i, 428 
gold, ii, 66 
iridium, ii, 94 
iron, ii. 110 
lead, ii, 135, 437 
Yiiné, i i, 426; ii. 400, AGZ 
hyperoxygenized, 
A434 


170 


il. 


dianesia, i. AQT — 
mercury, ii. 85, 391, 452, 
A68 
platina, ii, 72, 73 ; 
potash, i. A19 ; ii, 402". 
; hyperoxygen- 
ized, i, ATZ 
shod, i ii. 89 
silyer, ii. 76, 437 
soda, i. 418, A420; ii. 
301, 464 
hyperoxygenized, 
i, 429 


strontites, i. 425 
hy peroxygen- 
azed, i. A3A4 


INDEX. 


Muriate of tin, ii. 127 
yttria, i, 428 
zinc; ii, 140 
zircon, i. 428 
tests of, il, 402 
hyperoxygenized, ie 
A2Z9—34 
Muriatic acid, i. 397, 399 
process for prepar- 
ing, 1, 402 
its properties, i, 405 
table of strength of, 
i. 406 
tests of, ii. 401 
mode of ascertain- 
ing the purity of, 


Muriates, 


ii, "459 
oxygenized, See Chlo~ 

rine. 
gas, mode of ob- 


taining, 1, 399 
properties of, i. 
400 
its attraction 
_ for, water, i. 
A400 
action of pot- 
assium on, i, 
AOL 
water seeming- 
‘ly essential 
to, 1. 401 
Murio-sulphurie acid, i. 435 
Muscle, basis of, ti, 296 
converted into fat, ii, 304 
component parts of, ii, 37} 
Muscovado sugar, it, 189 
Mushrooms, peculiar substance ex- 
tracted from, 13. 298 
Musical sounds, from burning hy- 
drogen gas under a tube, 1. 157 
Myrica corifera, berries of, contain 
wax, ii. 241 
Myrtle-wax, i ii, 241, 242 


Se N, 

Nails, ii, 373 

Naphtha, ii, 247 

Narcotic principle, ii, 244 

Natural history, assisted by the 
knowledge of chemistry, 


1, XXill. 
philosophy, i. xviil. 

, distinguished 

from che- 


mistry, i, xix, 
requires a 
knowledge 
of. chemis- 
tuy, i. xx. 


_ Neutral salts, 1, 268 .- 


Neutralization, i. 24, 53, 57, 62, 269 
Nickel, method of purifying, ii, 121 
properties of, ii, 122 

alloyed with iron in all me- 
teoric stones, ii. 124 
acetate of, ii. 281 
analysis of ores of, ii. 439 
Nitrate of alumine, i. 394 
ammonia, i, 391 
-antimony, ii, 149 
barytes, i. 392; ii, 395 
bismuth, ii, 143 » 
cobalt, ii. 160 
- copper, i. 60; ii, 100 
glucine, 1. 395 
iron, ii. 110 
lead, ii. 134, 393 
lime, i. 393 
magnesia, i, 394 
mercury, ii. 84, 394 
potash, i, 384; ii. A464 
silver, ii, 76, 78, 392, AT 
soda, i. 390 . 
: strontites, i, 393 
tin, ii. 127 
yttria, i, 395 
zine, it, 140 
zircon, i. 395: 
Nitre. See Potash, nitrate of. e 
Nitric acid, i. 362° 
"composition of, 1, 359— 
362, 364 
analysis of, i. 363 
properties of, i. 363, 366 
table of strength of, i, 
‘ 364 
decomposition of, i. 367 
process for preparing, 
i. 287 
purification of, 1,389,390 
in its pure state elastic, 
RIS 23h ir 
use of asa test, ii, 388 © 
_ test of, ii, 401 | . 
yode of ascertaining the 
purity of, ii. 458 
oxide, i. 368 
Nitricum, i. 143 
Nitrites, i, 396 
Nitrogen gas, i.-141 
how procured, i, 141 
its properties, i. 142 
weight of, i. 133, 142. 
a compound of oxygen 
with an unknown 
base, i, 143, 236, 
- 24) 
eae quantity of, abserbed 
' .by water, i. 171 


INDEX. 


Nitrogen gas, sgh eae of oxygen Oils, animal, ii. 303° 


with, i, 358 
combines with chle- 
rine, i,411 
with iodine, ii, 30 
gaseous oxide of, 
Nitrous Oxide. 
Nitro-muriate of antimony, ii. 149 
‘ecbalt, ii. 160 
gold, ii. 65° 
tin, ii, 129 
muriatic acid, i, 435 
sulphuric acid, ti. 81 
Nitro-muriates, no compounds pro- 
perly so called, i. 435 
Nitrous acid, i. 381 ; ; ii, 480 
composition of, i. 361, 
BER 
table of strength of, i. 
381 
use of as a test, ii. 388 
mode of ascertaining 
the purity of, ii, 459 
acid vapour, i. 360 
gas, composition of, i. 359 
—362 
quantity of absorbed 
by water, i, 171 
- properties of, i. 368 
applied to ‘eudiome- 
* try, i. 369, 374 
decomposition of, i. 
313 
synthesis of, i. 375 
composition of, i. 
359—362 
quantity of absorb- 
ed by water, i. 
171 
mode of obtaining, 
i, 376 
test of its purity, i. 
ATT 
properties of, i, 378 
effects of respiring 
it, 1. 380 
oxide of mercury, ii, 85, 
470 
Nitrum flammans, i. 392 _ 
Nomenclature, new, i. xlvi. 266—70, 
397; ii. 49 
Nose, mucus of the, ii, 345 


See 


oxide, 


oO. 
Ochre, ii. 107, 108 
Oil, inflamed on the surface of 
water, i, 432, 433 
Dippel’s animal, ii. 367 
of vitriol, See Sulphurie Acid, 
of wine, ii, 267 =| > 


fixed, how obtained, ii, 214 
properties of, ii. 215 
with alkalis ‘form SOAP, 
- i. 215 
dissolve sulphur, ii, 216 
rendered drying by me- 

tallic oxides, ii. 216 
distillation of, ii. 216 
combustion of, ii. 216 
action of acids on, ii. 21T 
spontaneous combustion 

of, ii. 217 

volatile, or essential, ii. 218 

mode of detecting 
their adulteration, 
ii, ATS 

Cera gas, quantity of, absorbed 

by water, i. 171 

method of procuring, 
1.308. 

properties of, i. 308, 
310 


Onion, j juice of, contains much sugar, 
ii, 192 


Opium, ii. 244 


Ores, analysis of, ii, 434 
in the dry way, 
ii, 441 
Organic and inorganic compounds, 
distinction between, ii. 181 
Orpiment, ii, 155 
Osmazome, ii. 377 
Osmium, ii, 94 
oxide of, ii, 94, 95 
analysis ‘of. ores of, it, 441 
Ounce measures reduced to cubic 
inches, ii. 496 
Oxalate of ammonia, ii. 196, 197, 
why FOG 
barytes, ii. 197, 198 
lime, ii. 196, 197, 198 
magnesia, ii. 197, 198 
potash ii. 195, 197, 198 
soda, ii. 196, 197, 198 
strontian, ii. 197, 198 
Oxalates, use of, as tests, ii. 389 
Oxalic acid, mode of obtaining, ii, 
193 
properties of, ii, 193 
composition of; ii, 193, 
194 
found native in vege-. 
tables, ii. 212, 
use of, as atest, ii, 388 
Oxidation, i. 140; ii, 39, 62, "63 
different stages of, ii, 44 
Oxide, cystic, ii. 364, 365 
MORN ek produced, i. 140; ii, 


IN DE X. 


Oxides, quantity of acid required 
for their saturation in pro- 
portion to their oxygen, 
ii. A6 

their solubility proportion- 
ate to their oxygen, ii, 47 
decomposition of, ii, 48 
all yield their oxygen to 
potassium, i, 221 
different, ii. 49 
terminology of, ii. 49 
table of the composition of, 
ii, 5O 
many soluble in water, ii. 51 
sulphuretted, ii. 55, 56 
hydrosulphuretted, ii, 56 
hydroguretted sul phurets of, 
ii. 57 
Oxygen, not the principle: of acidity 
solely, i, 140, 266 
compounds of combustible 
bases with, i. 267 
law respecting the union of 
bodies combined with, i, 
269, 321; ii. 46 
proportion necessary for 
the solution of different 
metals, i li, 43 
gas, i. 134 
procured from various 
substances, #. 1353 
ii. 133 
its properties, i, 135 
weight of, 1, 133, 135 
diminished in combus- 
tion, t. 137 
absorbed by bodies 
burned, i, 139. 
its union produces an 
oxide, an acid, or an 
alkali, i 140 
supports animal life, 1. 
140,, 149 
apparently absorbed 
by the blood, i, 140 
with hydrogen. forms 
water, i. 161 
quantity of,, absorbed 
by; water, i. 174 


combination of nitro- 


gen. with, 1.358, 362 
compounds of chlorine 
with, i. 409, 410 
made of procuring 
from. oxides of lead, 
ii. 133 
Oxyiode of potassium, ii, 29 
of, other-metals, ii., 30, 
of hy drogen, i il,.32 
 Oxyiodic acid, ii. 32 


s 


Oayiodine, ii. $1 + 
Oxy-muridte of tit, ii. 198 . 
antimony, ii. 150 
Oxymuriatic acid. See Chlorine. 
Oxy-nitric.acid, i, 364 
Oxy-phosphate of iron, ii. 116 
Oxy-sulphate of i iron, ii, 109 


P. 
Paint, fine reddish brown, ii. 103 
fresh, injurious effects of, ii, 
219 
Paintings, method of copying on 
~ glass, and transferring to 
leather or paper, ii. 78 
Palladium, ii, 89 ~ 
oxide of, ii. 50, 91 
sul pharet of, ii, 91 
test of, ii. 92 
alloys of, ii. 92 
analysis of ores of, ii.4A1 
Pancreatic juice, ii, 331 
Paper, preparation of, for tests, ii. 
385 


dark blue, round sugar- 
loaves, atest, ii. 386 
Papin’s digester, i, 101 
Pearls, ii, 370 
Pearlash, i. 289 
method of ascertainin 
the real quantity of al 
kali in, 1. 289; ii, 476. 
Peart-white, ii, 143 
Peat, ii, 250 
Pericardiums, liquor of the, ii, 347 
Peroxides, ii,A9 
Perspiration, fluid of, ii, 350 
Petroleum, it. 248 : 
Pewter, ti. 130 
Phlogiston, i. Fi, 38 
Phosgene gas, ii. "416 
Phosphate of ivon, ii, 116 
soda, ii, 7, 399 
lead y ii. 137 
Phosphates, i ii, F 
Phosphitesy ii. 9 
Phosphorane and phosphorana, ii, 
14 
Phosphevi, solar, i+ 118,332,344 - 
Phosphoric acid, ii, 4 
method of prépar-- 
ing, ii. 4 
properties of, ii. 5 
exists in vegeta- 
bles, ii. 219 
test of, i, 401 
matches; ii, 13 
Phosphorous acid, ii. 8 
_ properties of, ii, 8 
Phosphorus, its’ chatietery ii,d 


INDEX. 


Phosphorus, analysis of, ii. 3 
swe oxygenization of, ii. 3 
mode of obtaining, i ii. 6 


Poisons, method of detecting, i ii. 445 


remedies against some, ii. 
ABT 


binary compounds of, , Polychr cite, ii. 254 


ii. 9 
liquid, ii. 13 
solution of, in ether, ii, 
13 
its combination with 
chlorine, ii, 14 
combines with metals, 
ii. 59 
Phosphuret of pr teaiag ii. 2 
SAPREF> ti. 104 
rid, ii. 69 
iodine, ii. 28 
lime, il. 10 
platina, j ii, T4 
ptassium, i. 220 
A Oe ae 
sul ur, ii. 9 
“zine, in. M1 
Phosphurets, metallic, it. 5Y 
Phosphuretted hydrogen gas, prepa: 
ration 
of, il. 


proper- 
ties of 
ii. 12 
Photometer, i. 119, 120 | 
Picromel, ii. 332, 3 34, 335 
Picrotorine, i il, ar 4 
Pinchheck, ii. 104 
Pitch, mineral, ii, 248 
Pit-coal, il. 249 © ; 
Plaster of Paris, i. 334 
Plasters, i 11.80 a >) 
Platina, ii. 70 
properties of, ii. 71 
oxides of, ii. 30, 71, , 72 
test of, il. 74 
uses of, i ii. T4, 15 
ethereal solution of, ii. 73 
phospburet of, ii. 74 
alloys of, ti, 74 
destroys the colour of. gold, 
il, 92 
me fused by the combustion of 
‘hydro- ~Zincic gas, ii, 139, 
analysis of ¢ ores of, ii. 435 
Plumbago, ii. 120° 
method of. ascertaining, 
ii, A34 
composition of, ii. 120, 
Plumbane, iti. 59, 135 
Plumber's solder; i ii, 130 
Plumbum corneum, ii. 135, 
Pneumato-chemical, trough, te 122, 


Portable furnaces, i. ¢ 3, 447, 452 


soup, ii. 284 


Potash, preparation of, i. 206 


never quite free from car- 
bonic acid and water, i. 
207 
properties of, i. 207 
hydrated, i. 207 
table of the quantity in so- 
lutions of different gravi- 
ties, i. 209 
analysis of, i, 210: 
prre, 1. 218 
component parts of, i. 222, 
223 
subcarbonate of, i. 287 
method of 
obtaining, 
i. 288 
its use as a 
test, il. 
390 
mode of as- 
certaipiug 
its purity, 
ii. 461 
of commerce, i. 289 
method of as- 
certaining 
the real 
quantity of 
alkali in, i. 
289 
mode of as- 
- certaining 
its purity, 
ii. A76 
bi-gerbonate of, i. 290 
its differ- 
» ence from 
the sub- 
carbo- 


sulphate of, i. 326 
mode of ascer- 
taining its 
purity, ii, 
464 


supersul phate of, i, 328 

sulphite of, i. 341 

hydro-sulphuret of, i. 349 
350 

hydroguretted. sulphuret of, 


INDEX. 


Potash, nitrate of, i. 384 
mode of uscer- 
taing its pu- 
rity, 11,464, 
nitrite of, 1.396 
muriate of AIO 
eee of, i. 429 
its 
power- 
ful ac- 
tion on 
inflam- 
wable 
bodies, 
1,432 
prussiate of, ii. 312 
best mode of 
preparing, 
ii. 112 
its use, as a 
test, 11, 396 
arsenite of, ti. 155 
molybdate of, ii. 171 
oxalate of, ii. 195 
super-oxalate of, ii, 195 
quadroxalate of, ii. 195 
citrate of, ii. 202 
tartrate of, ii. 209 
mode of ascer- 
certaining its 
purity, ii. 
465 
supertartrate of, ii. 209° 
mode of 


ascertain-_ 


ing its pu- 
rity, ii. 
465 
acetate of, ii. 276, 278 
mode of ascer- 
taining its pu- 
rity, 11. 465 
use of, as atest, ii, 389, 
390 


solution of, mode of ascer- 
taining its purity, ii, 461 
Potassium, i. 217 
mode of procuring, i. 
211, 214 

its properties, i. 217 

oxides of, i, 218, 223 
its action on water, i. 

218 


phosphuret of, i. 220 
sulphuret of, i. 220 
amalgam of, i. 220 

alloys of, i, 221 


Potassium, reduces all oxides, i i. 221 
alloy of ammonium with, 
i, 239 
action of sulphuretted hy- 
drogen on, i. 
BAT 
iodine on, ii. 
28 
oxyiode of, ii, 29 
alloy of tellurium with, 
ii, 152 © 
arsenic with, ii, 
. 158 
Potassuretied hydrogen gas, i, 224 
Potato, analysis of, ii, 222 
Pot-metal, ii, 104 
Precipitate per se, il, 83 
red, ii. 85 
Precipitates, anvil for drying, 
_ il 


chord of, ii, 52T—9 
Precipitation, i. 38 
jars for, 1.439 
Priestley, Dr. his ounce measures ré- 
\ duced to cubical inches, ii, 496 
Prince Rupert’s metal, ii. 104 
Printers’ types, ii. 150 
‘Protoxides, ii, 49 
Prussian blue, method of preparingy 
ii. 310,311. fh 
Prussiate of iron, ii, 111 
lime, ii. 396 
palladium, ii. 92 
potash, ii, 112, 396 
Prussic acid obtained from. vegeta- 
bles, ii. 213 
mode of obtaining, ii. 
310, 311 
properties of, ii. 311 
Purple powder of Cassius, ii, 68 
Putrefaction resisted by charcoal, i. 
275 


retarded by carbonic | 
\ acid, i. 286 
Pyro-acetic ether or spirit, ti. 217, 


hay Aas acid, ii. 208, 229 
the same with the 
acetic,ii. 229, 275 
Pyr ometer, i. TA, 259 
scale of Wedgwood’s, ii. 
504 


Pyromucous acid, ii, 208 
Pyrophorus, Homberg’ s, i. 338, 368° 
Pyro-tartaricacia, ii, 208 x 


(QQ 
Quadroxalate of pet il. 195 
Quercitron bark, ii, 234 , 


INDEX. 


Quicksilver, See Mercury. 
Quills, coagulated albumen, ii. 375 


R. 
Radiant heat, i. 69, 84 
Radishes, scrapings of, stain paper 
as a test, ii. 385, 386 
Re-agents, ‘ti 383, 384 
Realgar, ii. 155 
Receiver, i. 6 
tubualated, i. 6 
quilled, i. 7, 439 
Red-lead, ii, 131 
Reduction of metals, ti. 48 
Refractory metals, ii. 64 
Rennet, ii, 339 
Resins, ii. 220 
animal, ii. 301, 332, 334 
Respiration diminishes the bulk of 
air, i. 150 
produces carbonic acid, 
i, 285 
function of, examined, 
ii, 324 
Rete mucosum, ii. 374 — 
Retinasphaltum, ii. 249 
Retorts, i. 6, 437, 439 
coating for,i. 10. 
Reverberatory furnace, i i.3 
Revival of metals, ii. 48 
Rhatany, extract of, ii, 236 
Rheum palmatum contains oxalic 
acid, ii. 212 
Rhodium, ii. 88 . 
alloys of, ii. 89 
muriate of, ii. 89 
oxides of, ii. 50, 89 
analysis of ores of, ii, 441 
Rochelle salt, ii. 210° 
mode of ascertaining 
its purity, ii. 466 
Rosacic acid, ii. 307, 358 
Rust of iron, ii. 105 


Ss. 
Saccho-lactic, acid, ii, 308 
Safflower, it. 233 
Saffron, substance extracted by al- 
cohol from, ii, 254 
Sal ammoniac. See Ammonia, mu- 
riate of. 
Salifiable base, i. 268 
Salifying principle, 1, 268 
Saliva, ii. 294, 328 
properties of, ii. 328 
component parts of, ii, 329 


Salt,common, See Soda, muriate of. 


of sorrel, ii. 196 
petre. See Potash, nitrate of. 
epiritof, See Muriatic Acid. 


a 


Salts, definition of, ii, AiO 
division of, i. 268—T70 
terminology of, i, 268 
analysis of, ii. M13 
solubility of, in water, ii. 


518S—20. - 
in alcohol, ii. 
521 


incompatible, ii. 526 
neutral, i. 268 
Sandheat, i. 450° 
Saturation, i, 17, 24, 62 
Scales of animals, ii, 373 
Scarlet, solutionof tin used in dyes 
ing, ii, 129, 233 
Scheele’s green, ii. 155 
Sebacic acid, ii. 309, 310 © 
Secretions, animal, ii. 327, 328, 338, 
345, 350 
Sedative salt. See Boracic Acid. 
Seignette’s salt, ii. 210 
mode of ascertaining 
its purity, ii. 466 
Semi-metals, ii, 36 
Separator, i, 43T 
Serosity, ii. alts 318 
Serum, ii. 311—20 
Sheathing of ships, i. 18k 
Shells, ii. 3T0 
Silex, attempts to decompose, i. 244, 
256 


method of obtaining, i, 253 
properties of, i. 254 
Silicated alkali, 1. 256 
fluoric gas, ii. 19 
Silict-Aluoric acid, ii. 21 
Silicium, i. 256 
Silk, sulphuraus acid gas. whitens 
and gives lustre to, i, 324 
' properties of, ii. 375 
Silver, properties of, ii. 75 
tarnishing of, ii. 75, 81 
oxides of, ii. 30, 15 
sulphate of, ii. 76 
its use as a tesf, 
ii, 392 
nitrate of, ii. 76, 78 
its use as a test, 
ii. 392, 393, 
448 —50 
mode of ascertain- 
ing its purity, 
ii. ATI 
subnitrate of, ii. 76 
muriate of, ii. 76, 437 
purification of, ii. 77, 133 
chioruret of, ii. TT 
fulminating compounds of, 
ii. 80 
solvent of, ii, $1 


: I'N D‘E’X. 


Silver, alloys: of, ii. gi 
standard, ii. 81 
acetate ‘of, “ii, 281° 
use of, as a tesi, ii. 351 
acetate of, its usé asa test, 

. 392, "393 
abiaivats of ores of, ii. 435 

Similor, ii, 104 

Sinews, ii. 373° 

Skin, ii. 374 

Smaits, ii, 162 

Smelis, destroyed by° eharcoal, i. 

275 

Soap, ii. 215, 216° 

dissolved in alcohol, as a‘ test, 
ii. 400°... 

Soda, preparation ‘of; i 207 
properties of, i. 207" | 
hydrated, i. 207 
table of the’ real ‘quantity in 

solutions of different gravi- 
ties, i. 210 
analysis of, 1. 210, 212 
component ‘parts of, i, 227 


never free from water, i, 207 


bi-carbonate of, i. 993° 
sub-carbonate of, i, 292 
its ’ use” as 
a test, ii. 
390 ' 
mode of as- 
certain- 
ing its 
purity, 
_. Li. 462 
sulphate of, i. 328° 
mode of ascer- 
taining” its pu-— 
rity, ii, 463 
sulphite of, i. 342 
hydrosulphtiret of, i, 349; 350° 
hydroguretted sulphuret of, 
i. 353 
nitrate of, i. 390 
‘ muriate of, i, A18, 420, 428; 
ii, 301 
decomposed by 
\ oxides of lead, 
ii, 135, 136 
mode of ascertain- 
ing its purity, 
, 464 
ny her eter of, i, 433 
phosphate of, ii.7 
asa test, ii, 399 
ii. 18 
mode of ascertain- 
oa its. purity, 
467 - 
196 | 


borate of, 


oxalate of, ii, 


Solution, i. 17,174" 


Soda, bin-oxalate of, i i. 196 
citrate ‘of, ii. 20 
acetate of, ii, 278 
use of; asa ‘test, ii. 389 
succinate of, as a test, ii, 398° 
Sodané, i. 418° 
Sodium, i, 217, 995° 
mode of | procuring, i. 21; 


214 
properties of, i. 225 
oxides of, i. 226, 227 


su pharet’ of, i, 227. 
phosphuret of, i, 287 
amalgam of,” 207 
action of sulphuretted . hy: 
drogen on, i, 347, 
Soils, improvement pf, ii, 481 
Solar ‘phosphori, , i, 118, 332,:344 
_ Solders, ii. 62, 130, 144 
* Solids, expansion ‘of, by heat, i, 74, 
ii. 513 
absorb heat. in becoming li- 
quid, i. 93, 95 
melting poi ints of, ii, 507 
point of volatilization | of 
some, ii. 508° 
specific heat of several, ii. 
51 
experimental illustrations 
rf, 1. 58 
effects ‘a very, minute divi- 
sion of bodies, i. 59. 
generally, produces ‘cold, i, 
: P| ; f 
heat sometimes evolved in, 
ie i la 
Sorrel, salt of, ii. 196, 212 
Soup, portable, ii, 284 
Spary> calcareous, i, 300 
ponderous, i. 331° |. 
Specific Gravity. See Gravity Specific. 
Speculum metal, ii, 104 
Speltre, ii. 138 
Spermaceii, ii, 304 
Spirit, proof, ii, 260 | 
of wine, ii, 260, ATA 
Springs, metallic, ii, 31 
Stalactites, i ., 300° , 
Stannane, ii. 59, 128 
Stannanea, ii. 59, 128 .., . 
Starch,a delicate test of iodine, ii, 
33, 225 
converted into ‘sugar in the 
process of malting, i li. 191, 
2s ae 
mode of obtaining, il, 222 
properties of, lin 223) \ 5 
another method of cenyerting 
it into sugar, ii, 223° 


INDEX: 


Starch analysis off ii, 225 
“joduret and’ sub-ioduret of, 
‘ii, 225 
formed at: the bottom of 
water, i, 99 
has: the. same temperature 
as boiling. water, i. 99 
latentiheat® of, 
105° 
specific gravity of, i. 104, 
105 
equal weights of, contain 
equal quantities of calo- 
ric, i. 107 
applicable to the purpose 
of heating bodies, i, 110 


Steam, 


force of, at different tem-. 


peratures, ti, 510 
Steel,’ method. of gilding, ii, 69 
ascompound of iron and car- 
ben, ii. 119, 120 
cast; ii. 120 
Stibic acid, ii. 148 
Stibious acid, ii. 148 
Sd&ll, common, i. 6 
Stonesyanalysis Of, il AIG 
substances that may be ex- 
pected in, and means of 
separating, ii. 431 
Sérentites, analysis.of, i. 243 
properties of, i, 248 
base of, i, 249 
carbonate of, i. 299 
sulphate of, i. 333 
hydrousulphuret of, i, 351 
nitrate of, i, 393 
muriate of, i, 425 
hyper-oxymuriate of, i. 
434 
oxalate of, ii. 197 
acetate of, ii. 280 
use of,: as a test, ii. 391 
Strontium, i. 249° 
Subborate of soda, ii: 18; 166, 46T” 
Subcarbonate of ammonia, i: 294 
lime, i. 300 
magnesia, 1, 
Al3 
potash, i. 287 
soda, 1. 291 


302, 


Suber, ii. 245 
Suberic acid,’ mode of obtaining, ii. 
245 

properties of, ii. 246 
Sublimate, corrosive; ii, 85, 452, 
A468 
Sublimation, i. 343 * 
Submuriate of copper, ii. 102 
gold, ii, 66 


mercury, ii. 85, 86 


i. 99, 108, 


Subnitrate. of mercury, ii. 84 
silver, ii. T6 
copper, ii. 101 
Sub-silicated fiuoric acid, ii, 19 
Sub-sulphate of copper,. 99 
iron, ii. 109 
tin, ii, 127. 
Sub-sulphuret of mercury, ii. 87 


Succinateofammonia, as a test, il. 


116, 398 
iron, ii, 116, 222 
soda, asa test, li. 398 
Succinic acid, ii, 221 
mode. of ascertaining 
the.purity of, ii, 460 
Sugar, ii. 189 
preparation of, ii. 189 
obtained from several vegeta- 
bles, ii. 190. 
properties of, ii. 191 
component parts of, ii. 191, 
192° 
substances resembling, ii. 192 
starch convertible into, ii. 
223 
contains.all the principles of 
wax, ii, 241 


rendérs nitrous.acid a solvent - 


of manganese, ji. 480 
animal, ii. 302; 308, 34f 
of lead, .ii. 186,457, 473 
Sulphates, tests of, ii,.402, 403 
Sulphate of alumine, i. 336; ii, 402, 
AGT 
ammonia, i. 330 
ammonia and magnesia, 
i. 336 
barytes, i. 330 
bismuth, ii, 143 
copper, ii. 98 
glucine,. 1. 339 
iron, ii, 108, 392, Aet 
lead, ii. 134 
lime, i. 334, 402 
maguesia,-i. 335 ; ii, A466 
mercury, ii. 83 
potash, i. 526; ii, 464 
silver, ii. 76, 392 
soda, i. 328; ii. 463 
strontites,. i. 333 
tin, ii. 126, 127 
yttria, i, 339 , 
zine, il. 139, 140 
zifcon, i, 339 
Sulphites, method of obtaining, i. 
340 


properties of, i. 340 

Sulphite of alumine, i. 343 

u ammonia, i. 342 
barytes, i, 342 


- 


Sulphite of lime, i. 343 
magnesia, i, 343 
potash, i. 341 
soda, i, 342 
copper, ii. 99 
iron, ii. 110 
lead, ii, 134 

Sulphur, i. 312 — 

compounds of, i, 312, 343 
—35T 
properties of, i. 313 


“preparation of, for taking | 


impressions, i. 313 
combination of alcohol 
with, i, 314 
contains hydrogen, i, 314 
oxygen, i. 315 
combustion of, 1. 315 
combination of alkalis he 
i. 343 
ahegnet of, i, 354 
combination of chlorine 
with, i, 416 
| phosphuret of, 11.9 
combination of metals with, 
il, 53 
balsam of, ii. 216 
hydroguretted, i, 351 
Sulphurane, i. 418 
Sulphuret of potassium, | i, 220 
sodium, i. 227 
lime, i. 344 
carbon, i. 354 
iodine, ii. 28 
gold, ii. 69 
silver, ii, 81 
mercury, ii. 87 
palladium, ii, 91 
copper, li. 103 
iron, it, 117, 118 
nickel, ii, 124 
tin, ii. "129 
lead, ii, 138 
zinc, ii, 14] 
bismuth, ii. 144 
antimony, ii. 145, 148 
arsenic, ii, 155 
cobalt, ii. 161 
manganese, ii, 167 
molybdenum, ii. 171 
Sulphurets, alkaline, mode of pre- 
, “~ — paring,i, 343 


general pro-' 
perties of, i. 
344 


exist only in a 
dry state, i. 
352 

use of, as tests, 
ii, 401 


INDEX, 


Sulphurets, alkaline, tests, of, ii, 
A403 


metallic, ii, 53 
table of the composition 
of several, ii, 54 
hydroguretted i. 
4i..57 
of mereury, ii. 87 
Sulphuretted hydrogen combines 
with oxides, 
_ ii, 56 
with metals, 
ii. 56 
test of lead, 
- hi. 187, 
401 
arsenic, 
_ ii, 401 
gas, quantity 
i ; of absorb- 
ed by wa- 
ter, i. 171 
modes of 
procur- 
ing, i. 
345 
properties 
~ of i, 345 
with alka- 
lis and 


3515 


‘ 


' 348 
gass, mye of, 
. 403 
liquid, See 
Sulphuret of 
carbon, 
oxides, ii. 55, 56 
sulphites, i, 341 
Sulphuric acid, i. 316 
component parts of, 
i. 320 
purification of, i. 
319 
decomposition of, i. 
322 
and light 
evolved on its 
addition to mag- 
' nesia, i. 335 
manufacture of, i. 
386 
in its pure state 
elastic, ii. 23 
use of, a sa test, ii. 
87 


heat 


INDEX, 


Sulphuric’‘acid, tests of, ii. 402 
( » *» + treatment of per- 
sons who. have 
swallowed, ii. 

Coy if oeedot 

‘method of ascer- 
taining the ju- 
rity of, ii. 458 
glacial, i. 324, 

325; ii. 109 
real, quantity of, 
_ in acid of differ- 


ent densities, i, 


i RABTSO 
Suaprneaiaet alcohol, i. 314 
Sulphirous acid, formation of, i. 
meseit 323 
properties of, i. 
324, 
component parts 
of, i. 326 
’ tests of, ii. 401 
; waters, i. 346 | 
Sulphur vivum, i, 313 
Sumach, ii, 234. 
Sun beams, consist of three kinds of 
rays, i, 117 
Super-carburetted hydrogen, i, 310 
Super-oxalate of potash, ii, 195 
soda, 11. 196 
Super-sulphate of mercury, ii, 83 
potash, i. 328 
Supersulphuret of iron, ii. 118 
Supersulphuretted hydrogen, i. 351 
Super-tartrate of potash, ii, 209 
mode of as- 
certaining its  pu- 
Tity, ii, 465 
Supporters of combustion, i, 267, 
270; ii. 41 
Sympathetic inks, ii. 102, 114, 
137, 144, 160 
Synovia, ii. 349 


115, 


wT, 
Tallow, ii, 305 
an, from galls, ii, 203 
how obtained, ii, 235, 236 
properties of, ii. 236 
analysis of, ii. 236 
quantity afforded by diffrent 
barks, ii. 237 
artificial formation of, ii. 239 
Tannate of iron, iis 114, 238 
Tannin, ii. 235 
Tantalum the 
bium, ii, LT7 
Tar, mineral, ii. 248 . 
Tartar, cream of, ii. 206, 209, 465 
emetic, See Antimony ‘tartarized. 


VOL, II. 


same with colum- 


’ Thermometer, '. 


Tartar soluble. 
trate of, 
vitri lated, 
phaie of, 
Tartaric acid, mode of obtaining, ii. 
206 
properties of, ii. 207 
may be converted 
into oxalic and a- 
cetic, it. 208 
analysis of.ti 209 
combfnations of, ii. 
‘299, 
made of ascertaiving 
the pas of, ik. 
AGO) on 
Tartrate of potash, ii, 209 
. mode of ascer- 
, j tainimgiits pu- 
verity, 11465 
and soda, ii. 2t0 
mode 
of  ascertain- 
‘ing its purity, 
ii. 466 
tin, ii, 129 
Tears, ii, 345° 
Teeth, ii. 369 
Telluretted hydrogen gas, ii. 152 
Teliurium, ii. 150 
acidifiable, ii, 151 


See Potash, tar-~ 


See Potash, sul- 


analysis of. ores. of, ii. 
A4l 
: compound of hydrogen 
with, it. 152 
alloy of potassium with, 
i}, 152 


Temperature, influence of, on che- 
mical afinity, i, 45, 
59 
what, i. 67 
method of ascertain- 
ing, i. 67 
' change of, produced 
by solution, i. 98, 
174 
Tenacity of different metals, ii. 37 - 
Tendons, ti, 373 
Terra japonica, ii, 236 
Lesis, ii, 383, 384 
67, 68 
its construction, 
78 
its rise nearly in the 
i ‘yatio oft/e imerease 
of neat, i. 82 
Mr, Dalton’s scale of, 


i. 15, 


1. 83 
tule for reducing 
gases to a. given 


height of the, ii, A497 
20 


INDEX. 


Thermonteter, Mr. Dalton’s new scale 
compared with 
Fahrenheit’s, ii. 506 
air, i. 75, 438 
1 differential, 1. 76 
Thermometers, various, correspond- 
ence between, ii. 504 
Thoracic duct, fluid in the, ii. 348 
Tin, precipitation of gold by, ii. 68 
muriate of, best test of platina, 
ii, 74 
properties of, ii, 125 
oxides of, ii. 50, 125 
hydrates of, 11,126 
amalgam of, ii. 126 
sulphate of, ii. 126 
subsulphate of, ii, 127 - 
nitrate of, ii. 127 
muriate of, ii. 127 
oxymuriate of, ii, 128 
nitro-muriate of, ii. 129 
acetate of, i1. 129 
tartrate of, ii, 129 
sulphuret of, ii. 129 
alloys of, ii. 130 
action of arsenic acid on, ii. 15T 
analysis of ores of, ii, A37 
Tincal, ii, 18 
Tinning, wet, li. 129 
Titanium, ii. (TA 
analysis of ores of, ii. 441 
Tombac, ii, 104 
Treacle, ii, 189 
Tube of safety,i. 8 
Tubes, long or crooked, joint for 
uniting, i, 444 
Tungstate of lime, ii. 172 


' Tungsten, mode of obtaining, ii. 172. 


characters of, ii. 173 
oxides of, ii. 173 
analysis of ores of, ii. 440 
Tungstic acid, mode of obtaining, ii. 
172 
properties of, ii. 173 
Turbith mineral, ii. 84 
mode of ascertain- 
ing its purity, ii. 
AT] 


Turf, it, 250 
Turmeric, as a dye, ii, 234 

paper and tincture, as 

tests, il. 386 

Turpentine, oil of, converted into a 
~ kind of camphor, ti, 219 
Tutenag, ii, 104 
F'ypes, metal, ii, 150 


U. 
Ulmin, ti, 252 


Uranium, ii, V7 
analysis of ores of, ii. 440 
Urea, method of obtaining, ii. 298, 
353 
properties of, ii, 299 . 
- alters the‘form of some muri- 
ates, ii. 301 
elements of, ii. 301 
Uric acid, ii. 306, 359, 361 
Urine, sugar found in, ii. 303 
gravel in, ii. 306 
calculi in, ii. 306, 359 
jateritious sediment of, ii. 
307, 358 
analysis of, ii, 350 
putrefaction of, ii. 357 " 
changes of, in diseases, il. 
358 2 
of different animals, ii. 
358 , 


Vapour, caloric the cause of, i. 98 
Varnishes, ii. 221, 249 


. Vegetable extract, ii. 184 


jelly, ii. 188 
substances, ii. 181 
result of the 
- spontaneous 
decomposi- 
tion of, ii. 
256 


Vegetables, growth of, affected by 


carbonic acid, 1. 286 

proximate principles of, 
ii. 182, 183 

general laws respecting 
the composition of, ii. 
182 

acids found native in, ii. 


new acid discovered in, 
by Braconnot, ii. 214 
fixed oils obtained from, 
ii. 214 
Verdegris, ii, 103, 281 
mode of ascertaining the 
purity of, ii. 473 
distilled, ii. 473 
Verditer, ii. 100 
Vermilion, ii, 87 
Vinegar, ii, 274 
purification of, ii, 274, 


4 


2 26 

distilled, See Acetous 
Acid. 

radical, See Acetic Acid. 


Vinous fermentation, ii, 256, 265 
Violets, syrup of, as a test, ii, 385, 
386 


\ 


INDEX. 


vis vs syrup of, test of its genu- 
ineness, ii. 385 
its colour restored 
by oxygen, ii, 
386, note 
ake of, ii. 386, note 
Fitriol, blue. See Copper, sulphate 


of, 
green, See Iron, sulphate 
of. 
white, See Zinc, sulphate 
of. 


oil of. See Sulphuric acid. 
Volta’s eudiometer, i. 154, 441 
pile, i. 177, 181 
supposed not to conduct 
heat, i. 91 
is a slow conductor, i. 92 
quantity of coal required 
. to evaporate, i. 104 
composition of, i. 16] 
proportion of the elements 
of, i. 164 
analysis of, i. 167 
properties and effects of, i, 
170 
contains air, i. 170 
quantities of gases absorb- 
ed by, i. 171 
contained in the atmo- 
sphere in the driest wea- 
ther, i. 17] 
solidified in various solids, 
i. 173, 267 
change of temperature pro- 
duced by solution of bo- 
dies in, i. 174 
during solution, gives out 
air, and has its bulk al- 
tered, i. 174 
has its solvent power in- 
creased, by diminishing 
the pressure, i. 175 
expands by cold, i. 176 
decomposed by galvanism, 
1. 189,197 
always contains neutral 
salts in solution, i, 194 
an essential element of all 
acids, 1, 267 
formed from its elements 
by the intervention of 
charcoal, i. 274 
decomposed by Phgspeapet 
of lime, 1. 10 
apparatus for showing the 
composition of, i, 442 
apparatus for showing the 
decomposition of, i,442 


Water, 


: 5 


Water, danger of leaden vessels 
for, ii. 133, 454 
test of the hardness of, ii. 
400 
expansion of, by heat, ii. 
512 
solubility of salts in, ii. 
518 
Waters, mineral, See Mineral Wa- 
ters. 
natural sulphurous, i. 346 
Wax, ii. 241 
Weights, English, reduced to French, 
ii, 487, 489, 490, 493 
German, ii. 488 
Dutch, ii. 488 
Swedish, ii. 488 
old French, ii. 489 
modern French, ii. 495 
absolute, of gases, i. 133 
rules for caleu- 
lating, from the 
specific gravity, 
li, 502 
Welding, i. 225; ii. T2 
Welther’s tube, i. 8 
Wheat, ii. 226, 227 
Whey, ii. 339, 341 
White, how produced on a black 
ground in calico printing, 
ii, 234 
lead, ii. 186 
mode of ascertaining 
its purity, ii. 472 


Wind-furnace, i. 2, 3, 447, 448 


Wine, tests of the presence of lead 
in, ii, 137, 454, 456 
oil of, ii. 267 
Wires, tenacity of, ii. 37 
Wolfram, ii, 172 
Wood, quantity of charcoal afforded 
by different kinds of, i, 273 
W oody fibre, ii. 229 
W ool, ii. 375 
W oulfe’s apparatus, i. 7, 441, 442 


Y. 


Yellow, mineral, or, patent, ii, 136 
Yttria, i. 263 
method of obtaining, i, 263 
its properties, i. 263 
an oxide, i. 264 
carbonate of, i, 304 
sulphate of, i. 339 
nitrate of, i. 395 
muriate of, i. 428 
prussiate of, ii, 398 


INDEX. 
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Zaffre, ii. 158, 162. 


_ Zine, 


Zinc, where to be procured, i. 151 


alloys of, ii. 104, 142 
138 
138 


purification of, ii. 
: preperties of, ii. 
oxides of, ii. 131 


modes of ascertain- 


ing their purity, ii. 


» phosphuret of, ti. 
analysis of ores of, ii. 438 | 
Zincane, i i. 
Zircon, attempt toa decompose, i. 244 


72 


pi n of, in hydrogen gas, 


139 


silahkan of, ii, 139, 140 


140 
140 


nitrate of, ii. 
‘muriate of, ii. 


compound of chlorine with, 


it, 140 


nt rte! pestis 


C, Baldwin, Printer, 
New BridgeStreet, London. 
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acetate of, ii. 141, 280, 281 


/ oxydized ‘and dissolved ‘by al- 


kalis, ii, 141- 


sulphuretted oxide of, ii. 141 


hydro-sulphuret of, ii, 141 


‘141 
59 
method of obtaining, i. 260 


its properties, 1, 260 
carbonate of, i. 304 


~ sulphate of, i. 339 


nitrate of, i, 395 
muriate of, i, 428 


Zirconium, i. 261 
Zoonic acid, ii, 315 
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